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The effects of the current technological revolution, the effort* of the 
Department of Defense to integrate the stocks of material of the four 
services, the current operations of the fleet under accentuated readiness 
conditions, the new techniques of management science and the increased 
workload of the shipboard Supply Department have made it essential that 
all departments of the ship and particularly the Supply Department be 
provided with the necessary tools to permit them to cope with the in- 
creased workload problem. The purpose of this paper is to determine 
whether shipboard Electronic Data Processing (EDP) is feasible and 
could solve a large portion of the shipboard workload problem. The 
answer is developed by considering how EDP is already being used in 
Industry and the military, how EDP could be used aboard ship, could 
the computer and the associated equipment be accommodated aboard ship 
and what are the characteristics of the computer that would be required 
for shipboard use. The study concludes that shipboard EDP is feasible, 
but to obtain optimum results, data processing afloat must be redesigned 
on a Navy wide basis. 
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CHAPTER I 



THE PROBLEM AND DEFINITIONS OF TEEMS USED 



The world is in the midst of a breath-taking technological revol- 
ution. Some have called it an automation revolution, others a nuclear 
revolution, still others a computer revolution. This advance in science 
and technology is so great that it defies description or even imagina- 
tion, and it has all taken place in the last 17 years. Since 1945, 
science has developed nuclear powered steam generating plants, nuclear 
powered ships and submarines, jet engines that drive aircraft more than 
twice the speed of sound, and computers that can completely control an 
oil refinery or a manufacturing process. Today man can orbit the earth 
in space capsules, trips are being planned to the moon, world wide tele- 
vision reception is planned, tiny semi-conductors have replaced large 
vacuum tube circuits, and on and on. This age was properly described 
by Mr. Ralph J. Cordiner, then President of the General Electric Company, 
when he appeared before a Congressional subcommittee on automation, in 
the following words. 

When the history of our age is written, I think it will record 
three profoundly important technological developments: 

Nuclear energy, which tremendously increases the amount of 
energy available to do the world's work; 

Automation, which multiply man's ability to use tools; 

And computers, which multiply man's ability to do mental work. 

Some of our engineers believe that of these three, the computer 
will bring the greatest benefit to man. ^ 

This saaie revolution has had a tremendous impact on the U. S. 

Navy. Since 1945, the battleship has disappeared from the active fleet. 



1 Ralph J. Cordiner, Subcommittee on Economic Stabilization of 
the Joint Committee on the Economic Report . (Washington: Government 

Printing Office, 1955), p. 44. 
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guided missiles costing more chan $40,000 dollars have replaced project- 
lies costing $1,300, Missile launchers have replaced turrets, anti- 
aircraft guns and hedgehogs, computers have replaced personnel in plot- 
ting air intercept problems and in determining the ship's navigational 
position, and nuclear power has replaced the boiler in the propulsion 
of some ships. 

In the future, automation will take over the work of the major- 
ity of shipboard personnel, the crew of a nuclear powered submarine will 

3 

be reduced from 100 to 12 men, and the crew of destroyer escorts will 

4 

also be drastically reduced in alee. Thus the impact of this revolut- 
ion will be far reaching for the men who sail the seas as well as those 
ashore. 

During the same time that this revolution was taking place, the 
operations of the U. 8. Navy have changed. Due to a clash of ideol- 
ogies of the major nations of the world and the attempt of larger nations 
to impose their will upon smaller nations, the United States has found it 
necessary to keep major fleets deployed at great distances from their 
normal logistic support bases, and has required other fleets to be main- 
tained in a condition of Instant readiness enabling them to deploy to 
trouble spots on a moment's notice. This type of operation has emphas- 
ised logistic readiness and the need for quick accurate replenishment. 

To help accomplish this end, vast computer networks are being developed 
in the shore establishments. However, the ships still employ the type- 
writer and adding machine of World War I to process the paperwork required 

^"Torrlor." Defense Marketing Service . (Revised 1961), p. 2. 

3»sPBIC. " Naval Research Reviews . August 1959, pp. 1-3. 

^"Project Surlc." Naval Research Reviews . October 1960, p. 6. 
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to maintain adequate logistic levels. 

In the expediency of rapidly building up the air, sea and ground 
forces during World War II, large stocks of material were procured by 
each service, catalogued by each service and Issued under procedures of 
the separate services,, Shortly after 1955 the Department of Defense 
Introduced an Integration program to eliminate duplication of materials 
within the various governmental departments,. This program has already 
saved millions of dollars, but it has just reached the stage where the real 
impact will be felt in the fleet „ As a result, thousands of cataloging 
changes are issued annually and ships' personnel are unable to physically 
process these changes. This results in reduced logistic readiness in our 
ships. In addition, money is wasted by the ordering of items already on 
board under another stock number or even by ordering items using a super- 
ceded stock number. The scope of the Supply Officer's task has also been 
increased. Since 1945 he has become responsible for all repair parts on 
the ship including gunnery, electrical and mechanical, electronic, avia- 
tion, special weapons and cryptographic. Thus the Supply Department's 
work load has Increased to the point where it is unable to accomplish 
its mission effectively with the personnel and tools assigned. 

Another product of this age is the development of management 
science and operations research as an aid to decision making, management 
and control. This technique employs many of the new sophisticated math- 
ematical techniques such as linear programming, dynamic programming, 
simulation, statistical control and analysis, probability theory, Monte 
Carlo analysis, queueing theory, information theory and game theory, all 
of which can best be applied by solving with ® computer. 

It is obvious that the technological revolution, the current oper- 
ations of our fleet®, the efforts to integrate the stocks of the four 
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services, the Increased workload of the Supply Department and the new 
techniques of management science dictate that all departments of the 
ship, and particularly the Supply Department, be provided with the tools 
which will allow them to accomplish their mission effectively. The prob- 
lem takes on added urgency when one considers that as newer, more sophis- 
ticated weapons systesis and control systems are added to the ships, the 
number of repair parts will increase as will the military essentiality 
of the system It supports. As the automatic systems are added, the crews 
of the ships will be decreased putting the Supply Officer In an untenable 
squeese between a rapidly rising workload and decreasing numbers of per- 
sonnel to process It. 

Benefits . The results of this study will prove beneficial to 
the Navy since It will Indicate if the use of electronic data processing 
afloat Is feasible. If It is, this will result In greatly increased 
logistic readiness of the ships, reduced costs in material carried in 
Inventory, reduced processing costs afloat and ashore, supply departments 
of ships that are flexible and capable of rapid Increase in work load 
without corresponding Increase In personnel, more effective management 
of shipboard supply departments and reduction of shipboard personnel 
requlresisnts. 

If this study determines that shipboard electronic data process- 
ing is feasible. It will benefit the officers and men serving on the 
ships. It will permit the Supply Officer and Supply Department personnel 
to carry out the mission of the Supply Department efficiently and effect- 
ively. It will permit them to cope with the ever increasing workload, 
will permit vastly Increased Supply Department activity without an increased 
burden on the personnel, will relieve the Supply Officer of the need to 
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concern himself with routine repetitive paperwork, and it will allow him 
to devote hie time and effort to better management of his department and 
the broader logistic concepts of supply. 

It is hoped that the reader will benefit from this study, regard- 
less of the results o Prior to this study the writer was so involved in 
his daily administrative duties that he was quite unaware of the revol- 
ution in progress about him. Discussion of the problem of electronic 
data processing with many officers during the course of the study re- 
vealed that they too were completely unaware of the progress being made 
all about them. Accordingly, this study is being written to be as infor- 
mative as possible and to point out present uses of computers, new develop- 
ments in Industry and the military, and how computers can be put to use 
in the future. The language will be simple, to ensure easy comprehension 
by the reader with no previous knowledge of computers or electronic data 
processing. By this technique, it is hoped that all readers will per- 
sonally benefit from this study. 



I. THE PROBLEM 

Statemsnt of the problem . It is the purpose of this study to 
determine if electronic data processing (EDP) in conjunction with a com- 
puter is feasible aboard all U. S. Navy ships. 

Importance of the study . This problem is of utmost urgency. A 
revolution in technology is upon us. Ships are becoming more automated 
every day and the completely automated ship is planned for 1964. Elec- 
tronic data processing is a possible answer to the increasing paperwork 
problem. If it is not feasible, other studies must be Initiated to find 
a solution. Accordingly, the problem must receive immediate attention. 
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II. DEFINITIONS OF TERMS USED 

A description of a computer and a complete set of definitions of 
terms required to discuss electronic data processing systems and computers 
is included so that the reader will be able to appreciate the problems 
involved and the sophisticated and elegant solutions which can be obtained 
using computers. Some of these terms are defined or explained in over- 
simplified terms so that while they may not be explicitly and technically 
correct, they do permit the layman to quickly understand the term or pro- 
cess involved. 

Data processing . The function of data processing is the record- 
ing, transmission, manipulation and report preparation of transactions. 
Data processing is of prime management consideration since it is the most 
important means of exercising control of an organization. 

Analog computer . A computer is a device capable of accepting in- 
formation, processing the information and presenting it in acceptable 
form. An analog computer processes information by letting the numbers 
be represented by physical quantities that can be continuously varied, 
such as the angular rotation of a shaft, the measure of a voltage or the 
rotation of a gear. The accuracy of the analog computer is limited by 
those Inherent physical characteristics t® approximately one tenth of 
one percent. 

Digital computer . The digital computer processes information by 
counting discrete objects a® events. Instead of measuring the magnitude 
of a current to determine a number m i® used in the analog computer, 
the digital computer determine® numbers by determining whether current 
is flowing or not. The digital computer is roach more accurate than the 
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analog computer, and is therefore used in bus in* 3* data processing. The 
analog computer is simples; than the digital computer and is usually used 
for engineering and scientific problems. 

Computer functional components , A computer has fiva functional 
components. These are input, memory, arithmetic, control and output 
components. Each will be described separately. 

Input components . The input component consists of devices which 
take information and enter it into the computer for processing. These 
devices may be punched tape, punched cards, magnetic tape or console 
typewriter. Since speed is an important factor, it is well to remember 
the relative speed of these devices. Arranged in order of decreasing 
speed of transfer, they are magnetic tape, punched tape, punched card and 
console typewriter. 

Memory component . The memory component is a device for storing 
information to be processed, and the program or sequence of steps describ- 
ing how to process the information. Memory units generally consist of 
drums with their periphery magnetized or magnetic cores. When the memory 
storage within the computer is not large enough to accommodate all infor- 
mation necessary, an auxiliary memory storage device is provided. This 
is in the form of large reels of magnetic tape, magnetized discs arranged 
similar to those in a "juke box", magnetic card®, or a large drum magnetized 
on the periphery. 

Arithmetic component . The arithmetic component performs the four 
basic arithmetic operation® as prescribed by the program on information 
entered into the computer. It can also make comparison®, can determine 
the larger or smaller of two numbers, and can determine whether a number 
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Is positive or negative. 

Control component . The control component coordinates all the 
actions of the oomputer and controls the movement of Information into 
the memory from the input devices, into the arithmetic component, out 
of the arithmetic component to memory and from memory to the output de- 
vices. 



Output components . The output component has the function of re- 
cording and presenting the processed information in the form desired. 
Output devices in descending order of output speed are: magnetic tape, 
punched paper tape, punched cards, printed pages. A relatively new output 
device is a high speed graph plotter which gives the output in visible 
graph or map form. 

Peripheral equipment . Peripheral equipment is output or input 
equipment used in conjunction with computers. Peripheral equipment may 
be operated on line or off line. 

Off line operation . This term applies to the peripheral equipment. 
Many of these devices operate at an appreciably slower speed than the com- 
puter itself. Therefore, in most computers, the time required to insert 
data detracts from the computer's actual production time. The slower the 
input device, the less efficient the Installation and the higher the cost 
of operation. To prevent this, data is converted to a fast input method, 
usually magnetic tape, Independently of the computer operation. Then the 
magnetic tape is used as an input. The same problem applies to the out- 
put of information. Off line operation is the conversion of data from 
one form to another by devices Independent of and not under control of 
the computer. 
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On line operation . On line operation is the operation of an input 
and/or output device as a component of, or under control of, the computer. 

Real time . Real time describes computer operation that is simul- 
taneous with an event, such as controlling and altering the trajectory 
of a missile in flight or updating inventories simultaneously with the 
transaction. Real time operation is required when it la necessary to 
manipulate the data simultaneously with the transaction. Xaal time oper- 
ation requires 100% reliability of the computer. 

Buffer . A buffer is a storage point or delay point that accumu- 
lates information or data, while another part of the computer is operating. 
The input and output of computers are usually buffered to allow an input 
device to be functioning, that is entering data into the computer, while 
the arithmetic section is processing other information from memory. At 
the same time the output device may be writing still different information. 
A buffer saves time by permitting overlapping operations. 

Classes of computers . Computers are divided into classes in accord- 
ance with their use. The three major classes, scientific, general purpose 
and special purpose are described below. 

Scientific computer . A scientific computer is one designed for 
solving complex mathematical problems rapidly. This computer should thus 
be designed to have maximum computational speed. Relatively slow input 
and output speeds and small storage capacity can be accepted. 

General purpose computer . This computer is used for electronic data 
processing. Therefore, it should be designed to handle a large volume 
of transactions involving relatively minor computational work. Thus this 
computer must have a high input and output speed, a large memory and less 
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computational ability than the scientific computer. 

Special purpose computer . A special purpose computer is one that 
is designed to perform one particular job well. Examples would be air- 
line reservations, processing checking account transactions, or solving 
celestial navigation problems. It is to be noted that although a special 
purpose computer is designed to perform one particular task well, it can 
still be used for other jobs, but usually with less efficiency. 

Classification by size . Computers are sometimes classified by 
size, with the size actually determined by price. Large scale computers 
usually cost over $1,000,000, medium scale computers usually run between 
$500,000 and $1,000,000. Small scale computers usually cost less than 
$500,000. Then there are the desk size computers which sell for less 
than $100,000. 

Transactions . The transaction is the fundamental unit of raw mater 
lal of data processing. It usually is identified by descriptive infor- 
mation and quantitative information. 

Data manipulation . Data manipulation usually refers to the arrange 
ment of information into proper sequence, reference to file information, 
logical functions which consist of precise determination of procedures 
or subprocedures to be followed, arithmetic functions and updating of the 
file information to reflect the transaction. 

Systems analysis . A systems analysis is a complete and thorough 
review of the entire data processing system under consideration consist- 
ing of a review of the present organization structure and tracing of all 
flows of information from initial point to final action. The purpose of 
systems analysis is to improve the organization structure, eliminate 
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duplication and unnecessary work, and determine where data processing can 
be improved, 

F* ow chart . A flow chart is a graphical representation of a se- 
quence of operations usually using prescribed symbols. 

Instruction . An order (usually coded in numerals) which tells the 
computer to perform a specific operation with specific data. 

Program . A program is a sequence of instructions which accom- 
plishes a desired task or solves a problem. The program is usually made 
up from the flow chart. 

Stored program . A stored program denotes that a prearranged pro- 
gram has been devised and placed in memory in the computer, enabling the 
computer to process any data entered without further instructions. 

Compiler . A compiler is a computer program that converts a pro- 
gram written in a universal program language to the language that a 
specific computer understands. 

Hardware . Hardware is the mechanical, magnetic, electric and 
electronic devices from which a computer is constructed. 

Software . Software refers to the automatic programming aids that 
simplify the task of telling the computer "hardware" how to do its job. 
Software is thought to consist of three basic categories: assembly systems, 

compiler systems, and operation systems. 

Cryogenics . Cryogenics refers to the low temperature properties 
of matter and Involves the operation of equipment in gases, such as helium 
and nitrogen, in a liquid state creating temperatures ranging from -200 F 
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superconductivity to wear. 

I Uu>u;»V incy . Redundancy is the use of extra units or extra cir- 
cuits which duplicate those already in use. In case of failure of the 
main unit or circuit, the redundant unit or circuit takes over and keeps 
the machine in operation. 

Numerical control . Numerical control (abbreviated N/C) is a system 
whereby a part to be machined from stock is described in mathematical terms. 
These torus are fed into a computer which interprets them as to milling 
operations required. The computer records the required operation on punched 
tape which is then used as an input to the milling machine and the part is 
machined without human aid to a greater accuracy than possible if done by 
hand . 



Model , A model is an abstraction. It helps to describe the sit- 
uation in real life under investigation and in a sense attempts to dup- 
licate it. A model could be a schematic drawing, a three dimensional 
physical model or a mathematical saodel (formula). When dealing with com- 
puters, a mathematical model is usually developed. The variables of the 
ja-odel are then manipulated and the effects on the results observed. 

Sequential access files . Sequential access files refer to com- 
puter processable files of information which have the property that the 
first record in the file must be read before the second and the second 
before the third, and so on, A magnetic tape is a good example of 



sequential access files. 
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iVaudoo accvs > files. . tLandopi acces? files refer Co computer pro- 
eessable files which * i,e chsvactei: i;.ed by the «»bi li ty to skip around v/ith- 
in the file and to extract information desired with no particular regard 
to the sequence in which information was loaded in memory or extracted 
frcti memory. A magnetic core is an example of random access files. 



Bit . A bit is the abbreviation for "binary digit." The binary 
system is a numerical system wherein there are only two numerals, namely 
0 and 1. This system is the basis of a digital computer and all infor- 
mation within the computer is recorded in binary form, which has only two 
possible states. For example: a 0 may represent an open switch (no 
current flowing) while a 1 would represent a closed switch (current flow- 



ing)« Bits are combined in groups of three, which designate < 


octal num- 


bers (positional number notation 


to base 8) as opposed to the 


decimal 


system (positional number system 


to base 10.) Typical coding 


is as follows 


Decimal 


Octal 


Binary 


0 


0 


000 


1 


1 


001 


2 


2 


010 


3 


3 


Oil 


4 


4 


100 


5 


5 


101 


6 


6 


110 


7 


7 


111 


8 


10 


1000 


9 


11 


1001 


10 


12 


1010 


11 


13 


1011 


12 


14 


1100 


13 


15 


1101 


14 


16 


1110 


15 


17 


1111 


16 


20 


10000 


24 


30 


11000 


32 


40 


100000 


40 


50 


101000 


48 


60 


110000 


56 


70 


111000 


64 


100 


1000000 
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Information Retrieval . Information retrieval is a system of class- 
ifying with key words and indexing large quantities of information and 
storing the classification, index and brief description in the computer 
so that rapid access is ensured to all information concerned by querying 
the computer with any of the key words. 

III. ASSUMPTIONS AND LIMITATIONS 

Assumptions . It is assumed that computers now installed in ships 
for navigation, weapons control and tactical data systems will not be 
able to offer sufficient free time to accommodate all data processing 
requirements of the ship. If any computer installed aboard a ship is not 
used entirely for its primary purpose, it should be mode available during 
its free time for other uses. 

Limitations . No effort will be made to attempt a systems analysis 
of shipboard data processing. Early in the study it became evident that 
efficient shipboard data processing must be based on a total systems con- 
cept which would embrace the data processing of all departments of the ship 
and the shipboard procedures and reporting requirements prescribed by 
the various management bureaus. Obviously, any systems analysis would 
have to be conducted by a committee of personnel representing the cog- 
nizant bureaus, operational commanders and personnel familiar with all 
phases of the shipboard data processing of all departments of the ship. 

As stated earlier, this paper is written in as simple a language 
as possible in an attempt to give complete understanding to the problem 
and its solution to all readers. As a result, over simplifications may 
occur which are not exactly correct. However, the need for simplicity and 
complete understanding of the basic problem overshadows any minor depart- 
ures from' technical operational techniques of the computer and its systems. 
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IV- REVIEW Of THE LITERATURE 

Literature on electronic data processing and computers in gener- 
al is plentiful « However, the technology and state of the art is advanc- 
ing so rapidly that it is difficult to keep current with the latest im- 
provements, The trade magazines specializing in computers and electronic 
data processing are far more useful than books. 

There is little literature on actual government (military and other- 
wise) experience or progress, despite the fact that the federal govern- 
ment has been and still is the leader in the use of scientific and data 
processing computers. Again, the best information can be obtained from 
the trade journals and government periodicals. 

Research significance . No other research papers in this area 
were located. 

Sources searched . The following sources were searched: 

1. Government, military and commercial technical, business and manage- 
ment periodicals from 1950 to date. 

2. Technical research reports on the subject that were available. 

3. The current information pamphlets from all major computer manufact- 
urers. 

4. The most recent books on the subject which are also listed in the 
bibliography. 



Vo ORGANIZATION OF THE REPORT 

In order to determine whether shipboard EDP is feasible, the 
following questions must be answered; 



Can the shipboard administrative workload be adapted to EDP? 
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Can the EBP system with its computer and peripheral equipment be 
accommodated aboard ship physically and organizationally? 

Is there a computer that can fill the requirements of shipboard 

EBP? 

Chapter II of this report gives a brief history of computers, 
how they operate and how they are being used in industry and the military 
services., Chapter III describes how the shipboard administrative work* 
load could be adapted to EDP. Chapter IV determines whether the computer 
could be accomodated aboard ship. Chapter V describes the type of com- 
puter required for shipboard EDP and Chapter VI is the summary and con- 
clusion. 



CHAPTER II 



THE COMPUTER IN INDUSTRY AND THE MILITARY 
I. A BRIEF HISTORY 

The history of the computer Is characterized by a slow start 
thousands of years ago and sporadic interest until 1945 when the com- 
puter field exploded with phenomenal growth and a far reaching impact on 
our way of life. 

The abacus, which was in use in 500 AD in Egypt and the Middle 
East, may be considered the first digital computer. It is interesting 
to note that it employed the same bi-quinary number system which was used 
in the most popular computer of the late 1950's, the IBM 650. 

Hie slide rule was invented in 1630 and used logarithms and a 
logarithmic scale which had been developed earlier by Napier to perform 
multiplication and division. The slide rule may be considered the first 
analog computer since it worked on the basis of physical measurements to 
perform mathematical functions as do our modern analog computers. 

In 1642, a tax collector in Paris was having difficulty totaling 
his accounts, so his son Blaise Pascal decided to help and built the 
first mechanical adding machine. This machine could just add and subtract. 
In 1673, Wilhelm Leibnitz, the German philosopher and mathematician, suc- 
ceeded in improving on Pascal's machine and built a machine that could 
mechanically multiply and divide. 

The generally accepted "father of the computer" was a mathematics 
professor from Oxford University named Charles Babbage. In 1812 he started 
work on a machine he called a Difference Engine. He never completed this 
machine because he was unable to have the parts manufactured with suffic- 
ient precision to make his Difference Engine function accurately. Con- 
sequently he devoted more time on improving manufacturing processes than 
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he did on computers. 

In 1833 Babbage was back in the computer field end conceived the 
Analytical Engine. This machine could be called the first general purpose 
computer since it used punched cards to sequentially control the arith- 
metic operations it performed. The information was stored by use of 
mechanical wheels and the punched cards dictated the sequence of man- 
ipulation. Again Babbage was unable to complete this machine because of 
the same engineering problems that had plagued his Difference Engine. 
However, his son later completed both engines. 

The next milestone in the development of the computer resulted 
from the heavy workload in the U. S. Census Bureau. The Bureau found 
that the population had increased so rapidly that it was impossible to 
complete the collection and posting of one census, before another one was 
completed and ready to be processed. So in 1889, Dr. Herman Hollerith 
invented and built a sorting and computing machine which would collect 
the information from punched cards. (These cards were initially called 
Hollerith cards after the inventor, but are now called electric accounting 
machine-EAM-cards.) Ibis machine was used successfully for computing the 
1910 census. Mr. Hollerith later left the Census Bureau and became assoc- 
iated with a commercial firm which later became the International Business 
Machines Corporation (IBM). 

The U. S. Havy also played an important part in the development of 
computers. The first true analog computer produced in quantity was made 
for the U. S. Navy in 1915 by the Ford Instrument Company. This was called 
the MKI Range Keeper or the "Baby Ford" which was the forerunner of the 
modern Navy fire control computer. This range keeper was replaced by the 
more complex Mark I computer which, in conjunction with the Mark 37 fire 
control system, contributed immeasurably to the success of naval gun 
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batteries during World War H, 

In the lace 1930's, Dr, Howard Aiken of Harvard conceived of a 
machine similar to Babbage's using the principle of sequential control. 

The start of World War II put pressure oa the military to develop computers 
that would solve the weapons trajectory problem. The aid of several univ- 
ersities was enlisted 2 nd Dr. Aiken of Harvard pushed his Automatic 
Sequence Controlled Computer, more commonly known as the Harvard Mark I, 
to completion in 1944. This computer employed an electromechanical system 
and its sequencing was controlled by coded punched paper tape. This com- 
puter is still in use today. 

At the same time, the Moore School of Electrical Engineering at 
the University of Pennsylvania was engaged in a similar project for the 
military. Many persons were involved in this project including von Neunan, 
Mauchly, Eckert and Goldstlno. They completed the Electronic Numerical 
Integrator and Computer (ENIAC), the first truly electronic computer in 
1946. 

The Mark I and the EN1AC which contained 18,000 vacuum tubes were 
the beginning of our modern computer age. It is interesting to note that 
the first problem worked on the Mark I took two weeks. This same problem 
would have taken 100 nan years if worked by hand. The ENIAC was much 
faster than the Mark I and a transaction that took three tenths of a sec- 
ond to perform in the Mark I took only five- thousandths of a second in the 
ENIAC. 

The race was on. Dr. John von Neuman developed the use of internal 
memory, rather than sequencing, in 1945, and the Electronic Discrete 
Variable Automatic Computer (EDVAC) was developed. This was followed in 
1949 by the Electronic Delay Storage Automtic Computer (EDSAC) built at 
Cambridge University, the Bureau of Standards Eastern Automatic Computer 
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(Sl'aC) , «ad f'"-- Eckert tochly Corporation I3INAC, 

The first compute! to he sst&s produced v«s the UN I VAC which was 
delivered to the. Census Bureau in 1950, In 1953, International Business 
Machines Corporation's Model 701 was placed on the market and the computer 
revolution was underway. 

Starting with the few machines in use in 1953, the market hu3 ex- 
ploded. Late in 1957, there were 200 large-scale computers and 600 small 
and medium scale computers in use. By late 1959, these had grown to an 
estimated 400 large-scale computers and over 2,000 small and medium com- 
puters. 5 i n i960, the total number of computers increased to 4,500 and 
in 1961 the figure was increased to 14,453 in addition to over 5,000 un- 

filled orders. In 1962 International Business Machines reported that they 

7 

had firm orders for over 7,000 of their Model 1401 computer. 

II. DESCRIPTION OF A COMPUTER 

Operation , The computer is simply an improved desk calculator 
ju3t as the missile is an improved projectile. In order to use a desk 
calculator it is necessary to enter the number to be manipulated by depres- 
sing the keys. Ihis action is comparable to the input in a computer. 

After the numbers are entered into the desk calculator it is necessary 
to depress the key or bar which will cause the numbers that were introduced 
to be manipulated (added, subtracted, divided or multiplied). Tills action 
is similar to the program that is placed in the computer. Similarly, the 

Wainright Martin, Electronic Data Processing An Introduction 

(Homewood: Richard P. Irvin, Inc., 1961), p. 2. 

^Computers and Automation , Vol, II, Ho. 4, (April 1, 1962), p. 14B. 

7 1401 Sales Booming, 11 Datamation , Vol, 7 Mo, 10 (October 1961), 

n 1 * 

[' « 1 ^ l. 
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appearance of the answer on tape, or In a register window of the calculator 
is comparable to the output of the computer,. So the computer Is actually 
only a sophisticated calculator In which the manipulation oust be deter- 
mined In advance and entered into the computer before the data to be man- 
ipulated is introduced. 

To get an even better idea of how a computer functions, a simple 
addition problem will be traced through the computer. The program or 
directions to the computer are first written, converted to machine lan- 
guage and put on a tape which is then used as the input to the computer. 

The program is then entered into memory. Next, the numbers (A & B) which 
are to be added together are also entered into the memory of the computer 
by tape. When the start button is depressed the control section of the 
computer takes control, reads the program, and operates the computer 
accordingly. It first directs that the first number A be removed from 
storage and placed in the arithmetic register in the arithmetic section 
of the computer. The control section then directs that number B be taken 
from storage and added to A in the arithmetic register. It then directs 
that the new number C be returned to storage and finally the control section 
directs the output section to punch the answer C on tape as an output. 

It should be noted that inputs go only to storage and all outputs come 
only from storage. Both the program and the data to be manipulated are 
stored in the internal storage. The control section, by reading the program, 
controls the internal functioning of the computer, directs data from stor- 
age to the arithmetic section and back to storage and tells the arithmetic 
section what operation to perform on the data. 

Critical Characteristics . Different model computers have different 
characteristics which affect their operation and determine their most 
efficient use. Unfortunately, no two manufacturers apply the same meaning 
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to the various characteristic®. Therefore, in talking about a character- 
istic for any specific counter, it coast be determined how the manufacturer 
defines the characteristic under consideration. The three critical charact- 
eristics of a computer are speed, storage capacity and word length. Each 
will be discussed separately 0 

1. Speed. Since the acknowledged purpose of a computer is to 
increase the speed of calculating a problem or processing data, the faster 
the computer is internally in processing the data, the more efficient the 
computer, and the less expensive it is per unit of time or per document 
processed. Accordingly, all speeds are important. This includes the speed 
of input and output, the speed to perform certain arithmetic and logic 
operations, and the speed to transfer information in and out of storage. 

2. Storage. Another important characteristic is storage capacity. 
Remembering that both the program which controls the manipulation of the 
data and the data itself must be stored in the memory section, it is 
essential that storage capacity be great enough to permit complete pro- 
grams and the normal data load to be stored in the computer simultaneously. 
Obviously if the storage is too small, duplicate runs will have to be 
made with the data thus doubling the processing time. 

3. word length. Each storage location in the internal memory 
can only process a word of a prescribed number of characters or numerals 
which is determined by the design of the computer. Some computers use 
five digit words and others use as many as sixteen digits. Thus all man- 
ipulations within the computer mast be in units of alphabetic characters 
or numerals of word length or less. If it is necessary to manipulate a 
unit of numerals or characters greater than one word length, it will be 
necessary t© use two word lengths. This can be very wasteful of storage 
space. For examples if it is desired to enter into the computer the number 
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3 23456, auJ i’-'v vi-ycttt boa a ward length of five, it will be necessary 
to split the nofsl'Cr into two parts and put 0000 1 in the first memory cell 
and put the 23456 in the second memory cell. Accordingly, storage space 

for foui numerals in the first cell has been wasted. Souse computers in 

use today have overcome this p rob lari by utilising variable word lengths. 

Tn this case the smallest word that cor be manipulated is one digit. 

It is also necessary to carefully note how the manufacturer defines word 
length. In some instances, one alphabetic character takes the space of 
two numerals in a word. Thus the effective storage space would be quite 
different depending upon whether characters or numerals were being dis- 
cussed. Likewise, the length of the word affects the net storage space 
when coopering computer;, , For example: two computers my both have stor- 

age capacity for 16,000 words, but if the word length in one computer 
is five digits and the word length in the second computer is ten digits, 
the latter has twice the net storage space of the former. Thus, the word 

length in a computer is also critical, and it is essential to knot? how 

the word length is defined by the manufacturer before it can be used as 
a point of reference. 



in. U3EJ w iHbusTir; 



Mr. Alfred 1 : . 



Wilson, executive vice-president of Minneapolis 



Honeywell Regulator Company, told a large press gathering: 

We arc beginning o clerical and industrial revolution- anci a 
management revolution as w^ll and the* tempo and pace of the revolution 
will be far greater than those of the first revolution. This revolu- 
tion will affect every aspect of our business, of our economy, of our 
education system, of our society as a whole. We can insure that 
these changes are planned in ad vancc -or wo can pretend nothing is 
happening ami face the strong possibility of having to take emergency 
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Measure* 5 in is crisis situation later.® 

The revolution Hi. Ui Ison was referring to is the result of the 
application of the computer for electronic data processing, decision mak- 
ing, control of production and scientific problem solving, 'fhi^ new 
science has been culled such sophisticated names as "artificial intelli- 
gence", "bionics", "intellectronics", "cybernetics", and many other illum- 
inating titles. However, these terms all refer to the increasing use of 
computers as tools of mankind. This revolution differs from the earlier 
one in that in the first industrial revolution the machine reduced man's 
labor requirements, while the latest revolution has reduced his clerical 
requirements. Thu graph shown in Figure 1 indicates the tremendous in- 
crease in computers in use since they were first placed on the market 
for general commercial use in 1955. 

A further indication of the rapid growth in the use of computers 
and the applications to which they are put is that in January 1960, Comput- 
ers and Automation published the results of a survey of electronic data 
processing equipments manufactured by United States equipment makers and 
their application. The survey revealed that digital computers were being 
used in 310 different areas of application, and over half of these were 
business user... The survey also reported that there were a total of 20 
models of computers produced by United States manufacturers on the mar- 
ket.^ In June 1961, only 18 months later, the number of applications 
had increased to over 500, and the number of models on the market had 



^Robert M. Smith, "Automation Revolution Will Effect Every Phase 
of U. So Economy," Office Management and American Business , XXII No. 1, 
(January 1961), pp. 8, 9, 

^Computers and Automation . Vol. 11 No. 1, (January 1960). pp. 13- 
15, 20-22. 
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increased to 62.“ An indication of the future growth of the computer 

is the fact that the industry as a whole had gross sales in excess* of cne 

billion dollars in 1961, and it is predicted that sales will double, then 

H 

redouble in the next four to seven years. 

As mentioned earlier there ate ever 500 applications for computers. 
Obviously, it would be impractical to list all uses of computers in a 
paper of this nature. However, to give the reader an appreciation of the 
potential of the computer, the major general applications with a few 
specific uses are discussed in the following paragraphs. 

1. Repetitious clerical and accounting paper work . This is the 
bread and butter use of the computer because of its ability to rapidly 
perform repeated routine operations. All industries have made use of 
the computer in performing routine clerical, bookkeeping and accounting 
functions. These include payroll computation, sales analysis, inventory 
control, accounts receivable, accounts payable, production cost control 
and similar operations. In fact, most large companies today have mul- 
tiple installations of computers with at least one of them devoted entir- 
ely to the payroll functions. 

For example: Ford Motor Company is using a large computer to 

save several hundred thousand dollars a year in the cost of preparing 

12 

their 100,000 men payroll in the Detroit area. The payroll accounting 
not only produces checks, but it also computes federal, state and local 

^Co mputers and Automation , Vol. 10 No, 6, (June 1961), p. 99- 
113, 133-137. 

^"Hofc Race for Far-off Profit's , u Business Week ,. No. 1700, (March 
31, 1962), p. 62. 

*- 2 £ 0 W&lnrighr Martin Jr., Electronic Data Processing, An 
Introduction (Homewood: Richard D. Irwin, Inc,, 1961) p. 3. 
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taxes, labor union dues, social security, savings bonds, credit tjnions, 

retirement plans and similar related functions. 

All the major life insurance companies generate large volumes of 

paper work. Accordingly, they have installed large computers to perform 

such functions as premium billing, commission accounting, dividend cal- 

cilaticms, reserve calculations, actuarial calculations and other similar 

operations. Many of the insurance companies report large savings. One 

company reported that the computer installation replaced 113 people and a 

1 3 

punched card accounting system costing about $216,000 a year. The ver- 
satility of the computer is demonstrated by the fact that computers enabled 
the New York Life Insurance Company to replace in less than one month a 
file cf 250,000 policy cards destroyed by a fire on November 18, I960. 

The information on the cards was duplicated on magnetic tape at the home 
office. A high speed printer took the data off the tape in three days 
and cards, with at least 20 items of information, were reproduced in 

three weeks. The company estimated the job would have taken nearly a 

14 

year to accomplish by pre- automation methods. 

Continental Casuality Insurance Company Vice-President Walter 
Foody advises n The computers enable us to launch massive nationwide sales 
campaigns - writing as many as 30,000 policies in a single day - that 

G. Van Auken, Jr. s "The Introduction of an Electronic 
Computer in a Large Insurance Company, " Automation and Technological Change , 
(Hearing before the Subcommittee on the Economic Stabilization of the 
Joint Committee in the Economic Report 84th Congress, 1st Session), 
(Washington, D. C. , 1955), pp„ 290-300, 

^News Item in the Wal 1 Street Journal , December 19, 1961. 
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simply would not be possible without there. " 

tanks have found the real time computer an economical Invest- 
ment. A typical real time system Installed by one of the largest mutual 
savings banks In the United States Includes a central computer which will 
simultaneously control transactions at each teller's window in each of the 
bank's five branches. Each teller has a "tellers set" about the size of 
a typewriter. When the customer comas up to the window, the teller in- 
serts the customer's pass book in a slot in the "tellers set" and types 
in ths transaction. The computer Instantly updatss the customer's account 
and transmits the information back to the bank teller. Zt enters the 
transaction in the passbook and also enters all interest accumulated since 
the customer's last visit to the bank. Also, In a matter of milliseconds, 
the computer can perform mortgage accounting, payroll processing, life 
Insurance notices, personnel records, Christmas Club accounts, customer 
loan accounts, and other bank functions. The bank purchased the computer 
system for $2,000,000, and estimates that savings In operating expenses 
will pay for the computer and also give the bank a savings of $1,830,000 
In ten years. 

Large hospital service organizations and hospitalization Insurance 
companies employ computers for their complete operation Including dally 
billing, payment of hospital and doctors' bills, determination of enroll- 
ment eligibility for thousands of prospective customers, maintaining 
customers accounts, and all kinds of statistical analysis. ^ Computers 



^"Business i n 1961." Time Magazine . LXXVIII Mo. 26, (December 
29, 1961), p. 51. 

^"Savings Sank Automation with Real Time Computers, " Data 
Processing . Vol. 3 Ho. 12, (December 1961), pp. 27-29. 

^Honeywell Advertisement, Fortune Magazine . LXV No, 1, (January 
1962), pp. 162-163. 
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of the type used in these applications can update 200,000 individual re- 
cords in just seventeen minutes, complete a 10,000 man payroll in less 

, , 18 

than two hours, or sort 10,000 fifty character items in four minutes. 

Most universities and colleges, no matter how small, have com- 
puter installations. These computers are usually used for classroom 
instruction in electronic data processing and scientific problem solving, 
calculating research projects and in administrative data processing. In 
the latter application, real time allows an up to the minute computation 
of the students enrolled in specific courses, so that over-enrollment 
is precluded during registration. They are also used to schedule courses, 
maintain students' records, mark papers, compute grades and average*, 
bill students for various charges and perform the normal housekeeping 
functions of payroll, cost control, budgets and similar jobs. 

Another important use of computers in industry is for personnel 
records. These records are usually broken down into four categories: 
selection and placement, classification and analysis, welfare and morale, 
and individual history record. All data required by these categories is 
entered in the computer. Then, in a minute's time, it is possible to 
have complete listing of all company personnel that are eligible for a 
promotion, have completed a certain course, have not had an accident, 
have not been tardy, have been employed for ten years, and other qual- 
ifications, The advantages and the savings are quite obvious. 

Industry has also found it to its advantage to use data processing 
and the computer for plant and equipment accounting. A complete history 
is maintained of all equipment from the time of its acquisition until it 



^Honeywell Advertisement, Business Week , No. 1696, (March 3, 1962), 

p. 11. 
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^Honeywell Advertisement, Business Week , No. 1696, (March 3, 1962), 



p. 11 










! 












30 



is retired. This information will include costs, depreciation, trans- 
fers, maintenance, emergency repairs, usage and other stellar statistics. 
This provides wsnageHteat with accurate cost controls and statistical in- 
formation on which to base decisions relating to the procurement, use and 
retirement of capital equipment. 

A typical small computer for routine sales and accounting work 
in a small firm will prepare the sales order, produce the work order, ship- 
ment order, bills of lading and shipping memorandums. Upon shipment it 
will then update the Inventory and if this shipment reduces the inventory 
to a prescribed level, it will write a purchase order for replacement, 
prepare voucher checks, receiving reports, accounts payable records and 
purchase commitment analysis. When the material is shipped to the cus- 
tomer, the computer computes and writes an invoice, prepares an accounts 
receivable register and other statistical reports. Upon receipt of pay- 
ment or material it again updates all records to reflect actual status 

19 

of inventory and accounts. 

The transportation industries are quickly learning the value of 
computers. In addition to regular payroll, billing and accounting pro- 
cedures, the computers are used to figure tariff rates for different 
commodities, adjust rates as necessary, compute the most equitable rates 
and most profitable loads. Union Pacific Railroad uses a computer in 

this fashion and also to automatically route freight at electronic class- 

20 

iflcation yards and to keep track of all freight cars loaded and empty. 

2. Large storage of information . The computer's ability to store 

l^Friden Advertisement, Fortune Magazine, LXV No. 1, (January 1962), 

p. 122. 

^Union Pacific Railroad Advertisement, Business Week . No. 1698, 
(March 17, 1962), pp. 44-45. 
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large amounts of information and to provide fast access to such stored 
information makes it very useful for reservation systems for large hotel 
chains, airlines, and other activities having a requirement to store large 
quantities of information, yet be able to provide instant replies to in- 
quiries. 

Most large airlines have, or are installing, world-wide electronic 
reservation systems consisting of remote units connected to a central 
computer. Under this system any agent throughout the world can query a 
computer on space availability for any flight, and receive an answer in 
less than five seconds. He can then make the reservation in less than 
one second. This same system will also compute or verify complex routings 
in less than five minutes. The same computer system also does housekeep- 
ing chores for the airline, such as routine accounting, payroll, and inven- 
tory of aircraft repair parts. 

An information retrieval system is an arrangement of microfilm 
cameras, computers and mechanical selection devices designed to reduce the 
information in business, government and academic libraries to manageable 
bulk, index it thoroughly, search through it on command for wanted infor- 
mation and produce it in a matter of minutes. International Business 
Machines estimates that companies, professional groups and universities 
are spending twenty million dollars a year in information retrieval equip- 
ment, and that system sales will mushroom to five hundred million by 1971.^1 
In a typical system, the computer indexes the contents of a library by 
feeding titles into it and having it pick out key words under which to 
list them. Then the computer can be queried by using key words, and a 
listing or a copy of all documents indexed under that key word will be 



^Norman C. Miller, Jr., Wall Street Journal , December 11, 1961 
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printed ©wt« A system designed t© handle picrofilsed copies of ninety- 
mime nil lion eM reports, books, newspapers and wap© will be delivered 
to the Central Intelligence Agency in 196?, 

3. Data Redact i€M Xhe ability ©£ the eotspufcer to rapidly absorb 
large amounts of information, classify It into various categories and pro- 
duce suaasries has opened up new vistas t© statistical analysis in many 
areas. While man has always seen the need for compiling vital statistics 
in such aroas as science, medicine and criminology, he has been thwarted 
by the time and money that would be involved in accomplishing the analysis. 
Today the computer does the job in a matter of minutes. 

The Secret Service is using computers to assist them in its battle 
against check forgers. Each forgery discovered is entered into a com- 
puter where it is compared with prior forgeries. Various details of the 
forgery are matched with details of prior forgeries, which often leads to 
the forger. Hr. James L. Lewis, special agent in charge of the Service's 
forgery section considers the computer "our only solution" in tracking down 
multiple forgers. He raid that "We're getting 40,000 forgeries a year and 
we just can't keep them all in our memories. "*2 

Most of the large stock brokerage offices are using computers to 
maintain latest prices of stocks, customers' accounts and transactions. 
Stock prices are automatically fed t© the computer from the ticker tape. 

The computer then stores the various prices including opening, high, low 
and last price. Any branch office can query the computer and get the 
prices desired instantly. Mr. Michael McCarthy, Chairman of Merrill, 

Lynch, Pierce, Fenner & Smith, which handles eighteen percent of the shares 
traded on the Hew York Stock Exchange said, "It would be almost impossible 

News Item in the Washington P.?st , March 11, 1962, 
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for us to handle our present volume without computers. 15 

Newspapers use computers to automatically accumulate stock prices. 
When an edition goes to press* the computer prints out a listing of all 
stocks traded, their volume of sales and prices, all in less than a min- 
ute. Newspapers also use computers to assemble their classified adver- 
tisements and to do the billing and accounting. When a request to run a 
classified advertisement is received, complete information is punched 
in a tape and entered into the computer. When it is time for the paper 
to go to press, the computer prints out all the classified advertisements 
alphabetically, under the proper heading. It keeps a record of the number 
of days each is to run, drops it on the prescribed day, automatically 
prints the billing, and maintains the customer's account until payment 
is received and the account is closed. 

Pratt and Whitney Aircraft has 12,000 production machines built 
by four hundred different manufacturers. In order to reduce and control 
maintenance costs, all preventive maintenance requirements and routine 
maintenance tests were placed in a computer. The computer now schedules 
over 18,000 maintenance operations in these plants. The computer also 
maintains a complete maintenance history of each machine including down 
time, repair costs and description of work done. Statistical reports, 
backlogs, employee records, and other similar statistics related to main- 
tenance can be produced as desired. In the three year period since main- 
tenance was scheduled by computer the following results have accrued: 

a) Increased efficiency of machine repair department by 40%. 

b) Reduced unscheduled or emergency calls by 25%. 

^"Business i» 1961," Time Mmazine , LXXVIII No. 26, (December 
29, 1961), p. 50. 
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c) Increased productivity of lubrication personnel by 357.. 

d) Reduced maintenance hours per year on a battery of tracer 
controlled units from 1,879 to 243; reduced number of repair calls by 
7 27 .. 24 

4. Simulation . Many problems in Industry today are too complex 
to solve even with a computer. Hie only solution to the problem lies in 
the trial and error method. However, the trial may be very expensive and 
the resulting error even more costly. These costs can be saved by simul- 
ation techniques employing the computer. In simulation, a real world sys- 
tem or situation is reproduced, or duplicated, in mathematical symbols. 
This model may be an entire transportation system, a complete production 
process or an assembly line. After the model is completed and programmed 
into the computer, trial and error experiments can be conducted and the 
results observed. The speed of the computer will permit it to simulate 
a years production in less than twenty four hours of computer time. By 
simulating all possible occurrences it can be determined which factors 
affect the different portions of the model. These results will then in- 
fluence future decisions. 

Matson Navigation Company has constructed a complete model of its 
passenger and cargo service between west coast United States ports and the 
Hawaiian Islands. By simulation they have run many years of this service 
under various conditions. As a result, they have determined what types 
ships to employ, the best routing, how to handle loss of cargo caused by 
labor strikes, and other uncertainties. The model is specifically used 
for: 

1) Optimising schedules. 

2) Evaluating new ship types before the company buys them. 

^Mobil Oil Cosapffiny Advertisement, Fortune Magazine , LXIV No. 6, 
(November 1961), pp. 30-31. 
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3) Optimizing fleet composition. 

4) Pricing new services. 

5) Evaluating labor practices. 

6) Developing logical tariff structure. 

7) Predicting results of changes in tonnage shipped by customers. 

8) Predicting how to optimize schedules in face of shipping 
strikes, sugar strikes and changes in competitive services. 

Although innumerable results have been obtained, one concrete 
result of this program is the fact that since this program was started 
five years ago, Matson has reduced its fleet from fifteen ships to twelve 
ships, but they are carrying 20% more revenue tonnage. 

Seven American and Canadian railroads are financing a one million 
dollar three year study by Battelle Memorial Institute of Columbus, Ohio 
designed to tell the industry how to run a better railroad. Battelle 
systems engineers will build a complete mathematical model of the railroad 
freight system and using a digital computer will test the results of all 
possible factors of operations. The railroads hope to improve their oper- 
ating efficiency by determining such factors as how to distribute freight 
cars, how many switch engines should be used, how to handle empty cars, 
and other similar factors. 

5. Automation . In many industries the computer, in conjunction 
with a control loop and a feed back loop, controls entire processes, 
assembly lines or the entire factory itself. Oil refineries were the 
first plants to be automated. Chemicals followed closely behind, and 
now we find most manufacturing processes automated to some extent. 

^Foster Weldon, ’'Simulation of Fleet Operations," Lecture, NPGS 
Monterey, February 2, 1962. 

2%ews Item in the Wall Street Journal. March 2, 1962. 
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Qgig ©f th<a first counter controlled factories was the Texaco 
Polymerization Plant at Port Arthur, Texas. In this plant, a special 
purpose digital computer receives information (feed back) from 110 sources 
and controls 16 flows, pressures and temperatures. Since the plant was 
already instrumented, a large saving in personnel costs was not experienced, 
but the computer was more efficient and increased production from 87% to 

93%. 27 

Com Products Company, manufacturer of Knorr soups has automated 
its huge Argo, Illinois five story plant with a computer like brain. 

There is a wired board for each soup recipe. This board is placed in the 
computer, which controls the process with the help of nine mixing control 
stations, which receive signals from the computer. Workmen just monitor 
the operations with all data being recorded by machine. If something 
goes wrong in the complex process, lights flash on and the computer stops 
28 

all production. 

One of the latest and most sophisticated uses of the computer is 
in numerically controlled N/C milling machines which produce complex parts, 
without human intervention, from a series of numbers representing math- 
ematical coordinate® of the surfaces involved. 29 Machines guided by N/C 
can now do jobs that were never feasible before because of human in- 
accuracy and fatigue. They can do any job more precisely, at higher speeds 
and with less waste of material. 

N/C is in its infancy with 50% of the units on factory floors having 



27 "Computer Runs Refinery for Texaco," Business Week , April 4, 1959, 
pp. 44-54. 

2 ^Georg@ Bookman, "The Uncommon Market of Corn Products, Fortun e 
Magazine , LXV No. 3, (March 1962), p. 99. 

2 ^"Making a Machine Run Itself," Business Week , March 9, 1957, 

No. 1436, pp. 183-187 . 
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been installed in 1961. It has been stated, however, that without N/C 
it would not have been possible for the United States to advance in the 
aero space and missile field as it did. In fact, the Air Force is favor- 
ing contractors with N/C equipment to speed contract fulfillment and pro- 
duct precision. Largely confined to the missile and air frame industry 
in its early stage*, N/C i® now spreading to all Industries. The testi- 
monials of firms using N/C are endless. A few are reported from a recent 
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article in Fortune . For example: Miehle-Gross-Dexter reports that N/C 

cuts 10 to 40 percent off the cost of making certain graphic-arts equip- 
ment parts; Boeing saves 40 percent on templates it makes with N/C; 

Pratt & Whitney estimates that N/C saves it 70 percent of the cost of making 
certain parts with close hole tolerances. 

It is predicted and quite reasonably so, when the savings already 
registered by N/C are noted, it will revolutionize the machine tool indus- 
try in the next five years. 

The computer has also proved invaluable in scheduling projects or 
production using program evaluation and review techniques (PERT) or the 
similar critical path method (CPM). Under this technique, a complete pro- 
gram is broken down into individual tasks. Each task is then evaluated 
and it is determined how long it would take and what it would cost to 
perform each task in minimum time, normal time, and at minimum costs. 

This system also determines the critical path, or the sequence of individual 
tasks, which limits the time to complete the project. This whole problem 
is programmed into the computer and keeps management apprised of the status 
of all tasks, current costs, estimated future costs and estimated date of 
completion. PERT h&§, been credited as the major contributing factor in 

^Herbert So low, "How to Talk to Machine Tools," Fortune Magazine , 

LXV No. 3, (March 1962), pp. 120=124. 
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the completion of the Polaris missile two years ahead of schedule. 

6. Problem Solving . Computers were specifically designed to solve 
scientific, mathematical and engineering problems. Some of the problems 
they solve are not complex, but they are so long and so cumbersome that 
it is just impractical to solve them without a computer. A good example 
is the determination of prime numbers. This computation requires up to 
50,000 operations to find one number, but the new computers can find sev- 
eral thousand primes in an hour. Other single problems are those involv- 
ing many variables which couldn't be computed by hand but can be done by 
a computer in minutes. 

The computer is also Invaluable in solving many complex mathemat- 
ical and scientific problems which man was just incapable of physically 
solving before the computer was invented. It is invaluable in the missile 
and aircraft Industry, and it has been said that without them, supersonic 
flight and space flight would still be a dream. In these industries 
the computer is used to design the hardware, and the final product. 
Considering the money and time Invested in our latest missiles and air- 
craft and the problem of personnel safety, the United States wouldn't dare 
launch a missile or allow an aircraft to take off unless it were sure it 
could fly. The computer gives this assurance. 

The rapid development of nuclear capability has also depended on 
the use of the computer in problem solving and guiding the engineer's 
design, plans and decisions from beginning to end. Reactors themselves 
are monitored by computers to ensure safe operation, optimum efficiency, 
immediate recognition of trouble, and instituting immediate corrections. 

3^-George A. W. Boehm, "Helping the Executive Make Up His Mind, " 
Fortune Magazine , LXV No. 4, (April 1962), p. 130. 
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7. Operations research and decision making . Operations research, 
frequently referred tc as quantitative decision making, operations analy- 
sis, or management science is a new science which is closely related to 
and relies heavily upon the computer. Operations research refers to the 
scientific method and advanced mathematical and statistical techniques 
used in management decision problems. Basically, operations research pro- 
vides techniques for determining various alternatives or courses of action, 
assigning values, utility measure, or penalties to these alternatives, 

and then helping the manager optimize the objective function. Unfortun- 
ately, most of the problems which are solved by operations research 
techniques contain so many variables and parameters that solution by man 
is impractical. However, the computer can solve most of these problems 
in a matter of minutes. To emphasize this point it is only necessary 
to note that a million multiplications performed by a human using a desk 
calculator would take about five years and cost about $25,000. The same 
task performed by the earlier computers would take eight minutes and cost 

about $10.00, while the new LARC computer would perform these raultipli- 
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cations in eight seconds at a cost of fifty cents. Operations research 
teamed with the computer make a potent management tool which has revol- 
utionized the process of decision making. 

8. Special applications . Computers of special design are used 
in many specialized applications. Some important uses are in the guid- 
ance and control of missiles, satellites, and space vehicles. They are 
also used to receive analysis and correlate radio telemetry signals from 
these vehicles. Aircraft are also equipped with small computers and 

A. S. Householder, "Solving Problems with Digital Computers,” 
Computers and Automat io n, Vol. 5, No. 7, (July 1956), p. 6. 
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wherever speed and technology are increasing computers are being installed, 

9. The future . The future of the computer and electronic data 
processing in unlimited. Each day they are being applied to new uses ard 
each day the computer and associated equipments are being improved. Some 
of the latest applications in industry, many of which are still in the 
development stage, are listed below. While some of these uses are con- 
sidered facetious, it is obvious that the techniques employed will find 
utilization in other methods in industry. 

International Business Machines has programmed a computer to play 
checkers with a human. To make sure it wins, the machine is programmed 

so that before each move it tests all possible moves and all possible 
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succeeding moves for two turns, and then determines the best move. 

Another computer has been programmed to answer billions of base- 
ball questions providing they are precise and asked in a two-hundred word 
vocabulary. Another has been programmed to translate foreign languages 

O / 

and still another to compose simple melodies. 

A Univac 1 computer has been programmed to play bridge. It deals 
four hands randomly, then proceeds to bid one or more of the hands for one 
round of bidding. The hands of the other players are typed out for them 
to see, and when it is their turn to bid, their bid is typed into the 
computer. ^ 

While it is generally thought that a computer can not learn, much 

^John Pfeiffer, "Problems, Too Have Problems," Fortune Magazine , 
LXIV No. 4, (October 1961), p. 145. 

^Ibid . p. 168. 

. ^ 3 Thomas A. Thrctxp, "Univac Flays Bridge," Computers and Automation , 
Vol. 11 No. 3, (March 1962), p. 3B. 
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effort i® being devoted in this area, A program colled the "Logic 

Theorist" has been written in an attest to prove theorems in uatheaat- 
ical logic by simulating processes similar to those used by hutaans. 

Using this programing, a computer was able to discover proofs of 38 of 
the first 52 theorems in Principi® Mathematic®, a highly regarded math- 
ematical book. In fact, in one instance, the computer proved one of the 
theorems in a more concise method than man had been able to do. Much 
experimentation is going forward in this field and encouraging results 
have been achieved. 

Pennsylvania Power and Light Company is installing an optical 
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reader in conjunction with its computer. The machine will "read" con- 
ventional printed or typed information somewhat like the human eye and 
write the results on magnetic tape. This tape is then used as in input 
to the computer. Thus the electronic data processing system will receive 
the raw sheets on which the meter readings are recorded, enter the read- 
ings in the computer and compute the customer's bill. The machine will 
have a capability of processing 22,000 bills a day. 

The Itek Corporation of Lexington, Massachusetts has developed a 

photoelectric light pen with which an engineer formulates his problem 

by graphically drawing it on a console that looks like a flat television 

screen. The design passes into the computer which solves the problem and 

stores it in memory. This saves the timely conversion of engineering 

38 

drawings into mathematical formulas. 

'll 

H. A. Simon and A. Newell, "Heuristic Problem Solving: The 
Next Advance in Operations Research, " Operations Research Journal , 

January, February 1958, p. 1. 

37 "optical Character Reading into Computer Equipment," Computers 
and Automation , XI No, 3, (March 1962), p. 10B. 

38 "Techno logy. 11 Time Magazine , LXXIX No. 9, (March 2, 1962), p. 74. 
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In a recent article in Operations Research ideas were presented 
on the utilization ©£ coeputers in Medical data processing. Under the 
proposed system, the cowputer could compile statistics relating symptom- 
disease combinations, retrieve current infonraation about new preventative 
measures, diagnostic techniques and treatments, produce lists of medi- 
cally consistent diagnoses possible for a given set of sysoptoss, indicate 
what future diagnostic tests should be made, calculate the probabilities 
and compile or recall desired aspects of a particular medical history. 

The system visualizes an area computer available to hospitals and phys- 
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icians which is linked real time to a large research center computer. 

IV. MILITARY USES 

The Department of Defense has been a forerunner in the EDP revol- 
ution and must be given much credit for the development of the art. 

Recall that it was the military which sponsored the Harvard Mark I and 
the ENIAC in order to have a method of rapidly solving the trajectory 
problem. Ihe advent of jet aircraft and missiles flying at speeds many 
times the speed of sound have forced the Department of Defense to develop 
methods that will process data instantaneously, so that military decisions 
can be made in time to intercept these weapons. It has also been necess- 
ary to design small electronic computers to control and guide the mili- 
tary's high speed aircraft and missiles. Thus the Department of Defense 
has been a leader in the computer crusade and must be credited with en- 
couraging the technological revolution in EDP. 

The Defense Department is also the biggest user of computers. In 

3%obert S. Ledley and Lee B. Lusted, "Computers in Medical Data 
Processing. 11 Operations Research , Vol. 8, No. 3, (May-June 1960), pp. 

299-310. 
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I960, 218 install -ttlons utilised 360 eumpnrovs and in 1961 the quantity 
ir.err.ased to 493 computers in 298 ins to Hat. ions. Under current plans 
this will grow to 661 computers in 373 installations in 1962 . ^ If pre- 
sent trends continue the Department of Defense will exceed this amount 
in 1962 and in two years time the number of computers in the Department 
will have doubled. 

The Navy has made strong efforts to control the rapid rise in 
EDP within this service and thus ensure maximum utilization of each com- 
puter installed. The Secretary of the Navy issued SKCNAV Instruction 
P10462.7 on 16 April 1959. This instruction entitled, "Navy Data Pro- 
cessing," cancelled all previous instructions on this subject and con- 
solidated "general objectives, organizational responsibilities, proce- 
dures, criteria, policies arid guidance for the technical advancement and 
effective, efficient, and economical utilization of punched card, elec- 
tronic and associated data processing equipment card techniques in Navy 
Marine Corps logistics and business administration." 

This instruction divides the Navy policy on ADP progress into six, 
five year stages, as follows: 

Stage 1 (1940-45) - Development of the first computers for high 
speed mathematical calculations. 

Stage 2 (1945-50) - Modification of scientific computers to per- 
form business data processing. 

Stage 3 (1950-55) - Recognition of the vast potential of elect- 
ronics to process "paperwork" and improve information systems. 

Stage 4 (1955-60) - Initial acquisition in quantity of feasibly 

Wo Borklund, "What's Ahead for Defense ADP," Armed Forces 
Management , Vol. 7, No. 10, (July 1961), p, 19. 
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useful "first generation" electronic equipment for data processing and the 
development of source data automation, communications, and management 
sciences adjuncts to computers. 

Stage 5 (1960-65) - Completion of evaluations of early applica- 
tions; shifting of program emphasis from recording, storing, processing, 
to forecasting, planning, programming; the evolution of improved hardware, 
and an orderly transition to a full complement of adult equipment. 

Stage 6 (1965-70) - Kavy-wide perfection of the best ways and 
means for management to use advanced hardware and personnel to achieve 
an Integrated Navy Management Information System. 

Administrative Systems . The Marine Corps EDP program has devel- 
oped around two electronic computer systems, a Material Management Sys- 
tem and a Personnel Management System. Wherever installed, computers 
for these systems also perform housekeeping functions such as fiscal 
accounting, cost accounting, disbursing, and similar functional require- 
ments. The Marine Corps total system makes use of both mobile and fixed 
installations and has as its primary objective to provide the best poss- 
ible information on resources to decision makers in order to enhance the 
effectiveness of the Marine Corps. Secondary objectives include reduction 
of administrative burdens at all echelons, maintenance of complete, time- 
ly and accurate files, maintenance of alternate files adequate for use 
in event of destruction of central files, and improvement of mobilization 
capability. 

The Bureau of Naval Weapon® is engaged in testing and evaluat- 
ing a project known as the Refined Aeronautical Support Program (RASP) 
designed to improve the material support of fleet units through high 

^Navy Management Review . V No. 10, (October 1960), p. 11. 
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speed logistics data communications, improve scheduling and reduction of 
material in the pipeline®.^ Pilot installations of computers are in 
operation at the Naval Air Station, North Island, California, and the 
Naval Air Station, Alameda, California,, The Naval Amunition Depot, 
Concord, California is evaluating prototype electronic data processing 
systems for ordnance activities,, 

The Bureau of Supplies and Accounts is planning to install a 
Uniform Stock Point System computer network between fourteen supply 
stock points ranging from Yokosuka, Japan to Newport, Rhode Island. 

Under this system, when a ship requests material that is not available 
locally, the whole supply network is instantaneously queried as to whether 
the material is available. If it is available at another activity, and 
the priority warrants it, immediate shipment can be effected. The com- 
puters at each activity will be programmed to do all the necessary data 
processing including inventory control, receipt control, issue control, 
appropriation accounting, material movement, payroll, cost accounting 
and even print the parcel post address labels for affixing to the pack- 
age for shipment. 

The Navy Finance Center located at Cleveland, Ohio has Installed 
a computer to handle 1,000,000 allotment accounts, 100,000 retired pay 
accounts and 1,700,000 pay records. Using the new equipment, records 
will be updated daily instead of monthly, will reduce processing time, 
will give more accurate results and allow retired and retainer pay checks 
to be issued in one fifth of the man hours required when utilizing con- 
ventional EAM equipment.^"* 

^Xbid . , p. 15. 

Armed Forces Management , Vol. 7 No. 4, (January 1961), p. 45. 
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The bateau* of v«l Personnel's Usv ol Manpower Information 

System will consist of r,..ij;oi data processing systems at San Diego, 

California, Pensacola, Florida and Norfolk, Virginia, all linked to 
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a computer in Washington, D. C. One station will serve all the 
Atlantic Fleet, one will serve the Pacific Fleet and one will serve 
the continental United States,. These stations will collect, main- 
tain and process over sixty items of information for each enlisted 
person and about two hundred items for each officer. The goals of 
the Bureau of Naval Personnel's System are to achieve better and lon- 
ger range advance training, faster distribution of personnel, reduc- 
tion of the number of people in transit between assignments, better 
coordination among conmands, the better fitting of a man to a job, 
greater personal attention to individual needs and thus higher 
morale and a stronger fleet. 

While the Navy is installing several logistic and adminis- 
trative computer networks, the Air Force is installing one network 
called the Command Logistic Network (COMLOGNET) that will connect 

350 air bases, depots and stations around the country and control 
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the flow of men and material throughout the Air Force, This is 
one of the largest data processing systems and has the capacity 
to handle seven million punched card requisitions and more than 
100,000,000 words daily with each message being processed auto- 
matically on a security and priority basis. 

^Navy Management Review , V©1. V No. 10, (October 1960), 

p. 20. 

^^Air Force Combat Logistics Network to Handle 100 Million 

Words Daily," Computers and Automation , Vol, 11 No. 1, (January 1962), 
p« 29. 
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Tactica l Systems , One of the most sophisticated military 
computer systems in use today is the Navy Tactical Data System 
(NTDS),^ 1 This system consisting of communications, data process- 
ing and display, will weld an entire task force into a single defen- 
sive unit and will provide the task force commander with a schematic 
picture showing the enemy targets, their type and movements, the 
defensive and offensive position of friendly ships and recommen- 
dations for action. When the Commander makes his decision - either 
the one recommended by NTDS or his own - the system transmits the 
appropriate orders to the ship's fire control equipment or to the 
aircraft that will make the attack. This equipment is scheduled 
to be installed on every major ship of the fleet from DLG up, 

NTDS will solve the impossible human task of coping with antici- 
pated simultaneous assaults of missiles and aircraft flying at 
thousands of miles an hour, and submarines. Active information 
coming from radars, sonars, radio, Iff, electronic countermeasure 
systems and human sources go into moduler designed data processing 
equipment on each ship. Here the identity, size, location, course 
and speed of both friendly and enemy vehicle® are determined. This 
information will also be automatically exchanged by communication 
link from the computer on one ship to the computer on another ship. 
Thereby, all ships are kept constantly informed of all other ships' 
information. 

Administrative and logistic programs are now being written 
for the AN/USQ 20 computer, which is the heart of the NTDS system, 



^%©hn F. Mason, "Navy 0 ® Sage for the Fleet Opens Market, 
Electronics , V®1„ 33 No, 38, (September 16, I960), pp. 30, 31. 



48 



by personnel attached to the Fleet Computer Progrsr®aing Center, 
Pacific at San Diego* California, The writer witnessed the pro- 
cessing of an entire quarter"® commissary transactions of a DLG 
including the computation of a quarterly balance sheet in 3 matter 
of minutes utilizing the AN/USQ 20, The computer has been oper- 
ating in parallel with manual data processing on the ships. As 
expected, the computer has proved more accurate than the ship, 
and many times has found errors in input data and computations. 

The Air Force has several tactical data systems, one of 
the largest of which is the complex SAGE air defense system.^ 

The computer for this system is an extremely large one into which 
is fed the flight plans of all aircraft scheduled to fly in the 
vicinity of the defense system, reports from observers, weather 
reports and radar observations. When an aircraft is detected, 
its position, course and speed are compared with all stored plans 
to determine if it is a scheduled flight. If not, the target is 
transferred to a sector control officer's radar scope and the plane 
is tracked until it is intercepted. In the event of many targets 
appearing at once, the computer directs the interceptors to the 
target. 

The Army is also testing and evaluating five BASICPAC tact- 
ical field computers and a large scale WfOBIDIC computer. ^ These 

^H* T„ Rows, "The IBM Computer AN/FSQ 1 and the Electronic 
Air Defense System SAGE," Computer® and Automation , Vol 5 No, 9 

(September 1956), p„ 6. 

"BASICPAC Tactical Field Computer," Fhilco Corporation 
Information Manual . Stanley K» Choc, "The System Organization of 
MOBIDIC B, " Proceedings of Eastern Joint Computer Conference , 
December 1-3, 1959, p, 101. 
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equipments age msdium and large size respectively and are housed 
in shelters that can be transported on a two and one half ton 
truck or are installed in thirty foot trailers. The computers 
are capable of being linked into a network and used for weapon 
target allocations, loading plans, march tables, estimates of 
weather and fall out patterns, and reallocation of radio frequen- 
cies in the event of enemy jamming,. They also perform adminis- 
trative data processing including payroll, general file mainte- 
nance, matrix calculations, data reduction, linear programming, 
statistical analysis, complex equations, weapons system analysis 
and operations research. 

War Gaming and Simulation . All services employ war gaming 

and simulation techniques utilizing computers as training devices 

and to determine best possible courses of action under varying 

circumstances. The Army, for example, ha3 built a complete model 

for determination of transportation of service troops and also 

the equipment required under various plans to reduce time and 

effort for such planning, to improve the quality of output and 

gain the capability to vary assumptions, and to consider alter- 
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native courses of action. A typical Air Force game is SAFE, 
a strategic air°war planning game concerned with force composition, 

^Martin W. Brossman and others, Computer-Assisted 
Strategic Logistic Planning, Transportation Phase-ORO T393 , 
Operations Research Office, John Hopkins University. 
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procurement strategy, deployment and operational strategy for an 
air war. 50 ihe game is used for instructional purposes at the 
U, So Air Force Academy and covers a simulated nine year period, 
however, the computer compresses this time into five eight hour 
days of game time. The Navy has comparable models including a 
Ship- to -Shore Model, the Embarkation Model and the recently dev- 
eloped Reembarkation Model, ” There are many other models avail- 
able and more will he created as the need arises. 

V. A WORD OF CAUTION 

All electronic data processing systems have not met with 
the resounding success of the applications just discussed. There 
have been some miserable failures and they were expensive fail- 
ures. However, these failures were caused by man and not the 
computers themselves. Some activities have procured computers 
just to 'keep up with the Jones". Other activities have procured 
computers without a thorough system analysis and redesign of pro- 
cedures to best utilize electronic data processing. Some managers 
installed computers without conditioning the employees, and the 
latter made it their business to ensure that the computer couldn't 

5®01af Helner and R. E. Bickner, "How to Play SAFE-Book 
of Rules of the Strategy and Force Evaluation Core, " RM 2856-PR , 
(Rand Corporation), November 1961. 

51paul G. Mode, Jr,, "The Reeobarkation Model," Technical 
Memorandum K 32/61 , II, S. Naval Weapons Laboratory, Dahlgren, 
Virginia, 
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do the job„ It must be concluded from these failures that be- 
fore installing an electronic data processing system, a careful 
system analysis must be performed to ensure that a computer will 
do the data processing economically, procedures must be redesigned 
as necessary, a computer must be selected that will best perform 
the requirements of the activity and personnel must be thor- 
oughly conditioned. Mr. M. E. Salveson summed this up when he 
said: 



Typically, the failures (of computers) have not been 
due to inadequate or defective equipment. Rather they 
have been from inadequate preparation, insufficient under- 
standing, or lack of participation by all levels of manage- 
ment. 52 



VI. SUMMARY 

Computers are reaching like an octopus into every facet 
of our lives. While people may marvel at the many jobs which 
a computer has been able to perform, this is just the beginning 

53 

or as Martin H. Weik describes it, "the seed is about to sprout!" 
The computer industry is still in its infancy and while the mil- 
itary is ahead of civilian industries in operational use of com- 
puters, it seriously lags civilian industry in electronic data 
processing. Accordingly, the military services must be prepared 

52m„ Ec Solveson, "Electronic Computers in Business," The 
Journal of Industrial Engineering , March- April 1958, p. 104. 

53Martin H. Weik, "Computers: Impact 1962," Data Processing , 
Vol. 4 No. 4, (April 1962), p. 33. 
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to exploit the use of computers to the fullest extent in the near 
future. 



CHAPTER III 



HOW EDP CAN BE USED AFLOAT 

The federal government vas one of the first activities 
to adopt electronic data processing and today is one of the 
biggest users of computers. Over two- thirds of these computers 
are being used by the Department of Defense, making the latter 
the largest single user of computers. 

The purpose of the discussions of the use of electronic 
data processing in industry in the preceding chapter was to 
give the reader an insight into how the electronic computer 
could be used and then apply some of these techniques to sim- 
ilar systems in the military. However, it must be remembered 
that electronic data processing is in its Infancy and that 
the surface has just been scratched in using it to assist man 
in his daily work. Therefore, a conscientious effort must be 
mode in all planning to make as many routine jobs as possible 
subject to EDP. 



I. TOTAL SYSTEM CONCEPT 

The question to be answered in this chapter is how EDP 
could be used afloat. While the primary aim of this paper 
is to determine if EDP is feasible to handle the bulk of the 
paperwork of the Supply Department, it soon become evident 
that in installing a computer aboard ship for data processing, 
it must be made available to all departments. Consequently, 
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a discussion of how EDP could be used afloat must be based on 
a total systc-ia concept. That is, the entire shipboard data 
processing system must be integrated wherever possible to elim- 
inate overlap and duplication leading to wasted effort. 

A good example of duplicate data processing is in the 
case of a man reporting aboard ship. Notice the paperwork that 
this common occurrence generates. 

1) He reports to the personnel office for processing. 

2) He reports to the Chief Master At Arms for pro- 

cessing. 

3) He reports to the Medical Officer for processing. 

4) He reports to the Dental Officer for processing. 

5) He reports to the Disbursing Officer for process- 

ing. 

6) He reports to the officer responsible for the 
maintenance of the Watch Quarter and Station Bill. 

7) He reports to the Training Officer for processing. 

8) He reports to the officer responsible for main- 

tenance of the Battle Bill. 

9) He reports to the Division Officer for processing. 

Under the integrated procedures, the man would report 

to one place, the Personnel Office. Here a card would be 
made out with all the necessary information contained there- 
in. The cord would be used to punch a paper tape for input 
into the computer. The man would be assigned his battle 
station, billet number, bunk number, division cleaning sta- 
tion, liberty section, watch section, etc. by the program in 
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the computer. All ship's records affected by the reporting 
aboard of the man would be corrected instantaneously. They 
would always be current. The computer would print out the 
necessary information about the man and this would be forwarded 
to the appropriate officers for information or action. It is 
quite obvious from this example, and many other similar sit- 
uations, that shipboard data processing must cut across all 
organizational lines. It must be integrated, and it must be 
designed on a total system concept. 

II. NAVY WIDE CONCEPT 
• 

Just as the total system concept should be considered 
to Include all data processing within the command, the total 
system concept should also include all data processing with- 
in the Navy or Department of Defense as a whole. With the 
installation of the NTDS aboard ships and the technological 
advancements in communications, it is reasonable to expect 
that in a short time, computers will be talking to each other 
and reports or requirements will be submitted by these commun- 
ication links. As was noted in Chapter II, most bureaus and 
shore activities are installing computer networks. Possibly 
due to oversight or economic reasons, ships have been omitted 
from the total Navy system concept. It is absurd, however, 
to permit ships' personnel to continue to prepare the ship's 
requirements and reports by adding machine and typewriter. 
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Chen deliver this information to shore activities where dozens 

of clerks would be required to transfer the data to computer 
input format. This is not only costly but it increases pro- 
cessing time and introduces errors into the process. It is 
comparable to pulling a 1962 Cadillac with a horse. In planning 
the shipboard system it must be anticipated that the output 
will be taken from the ship's computer and transferred directly 
to a shore based computer by communications link or by mail- 
ing a machine able format. Personal contact should be elimin- 
ated wherever possible to prevent the build up of a backlog 
at any point in the cycle, and also to prevent any delay in 
the processing of requirements or reports. The concept should 
envision' "womb to tomb" data processing. 

III. SYSTEMS ANALYSIS 

In adapting the shipboard workload to data process- 
ing, the current system in use may be initially adapted to 
electronic data processing. However, as soon as practical a 
complete analysis of the system and procedures must be made * 
with a view toward changing the entire system so that it is 
more susceptible to efficient EDP. It should be the de- 
clared purpose of this analysis to revamp the shipboard systems, 
procedures and organization as necessary. As Mr. J. L. Powell 
of the Office of the Secretary of Defense pointed out in a 
recent speech "if a computer is installed at an activity 
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without a couple co system analysis, the present red tape just 
becomes instant red tape."**^ At the same time, due consider- 
ation must be given to "audit trails". Care should be taken 
to insure, however, that the auditing problem is not used as 
an excuse to preclude the reorienting of shipboard data pro- 
cessing and organization to EDP. 

iy. COMPONENTS 

The basic components of a shipboard electronic data 
processing system should consist of the following: 

1) One off line card to paper tape and paper tape to 
cord converter, 

2) One paper tape reader and punch. 

3) One computer. 

4) Tvx> Flexowriter typewriters. 

5) Two magnetic tape read/write units. 

6) One shielded storage cabinet for magnetic tape. 

All equipment would be installed in the Data Processing 

Center. Input data would be converted from raw information 
to tape or cards by personnel from the department or division 
originating or requiring the data. In most cases, this would 
be data processing personnel under the organization proposed 
in Chapter IV. The computer would only be operated by data 

■^Opinion expressed by Mr. J. L. Powell in a speech at 
the U. S. Naval Postgraduate School, Monterey, California, on 
March 8, 1962. 
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processing personnel. Under norml operating conditions, trans- 
actions for various departments would be accumulated until a 
sufficient number were on hand to make a computer run economical. 
If there was an urgent requirement for any particular records, 
they would be updated as often as necessary. It would not be 
necessary to accumulate like transactions in a group since the 
computer would be able to process mixed transactions. However, 
to save computer search time it is recommended that file slots 
be established for different transactions of each department 
and as transactions are received they be filed in the proper 
8 lots . This would batch like transactions. A schedule should 
be established for periodic printing out of all data in memory 
for each department, according to the degree of activity of 
the file and the needs of the department. In the case of the 
Supply Department, the fast moving material items should be 
placed on a different tape than the slow moving items. The 
fast moving item file would be printed out more frequently 
than the slow movers. 

V. ELIMINATING HUMAN ERROR 

To quote the often heard cliche, "to err is human." 

The computer, however, displays uncanny accuracy. Unfortun- 
ately, the computer does not reason on its own and if man 
introduces absurd inputs into the computer, the latter will 
not question the information, but will process the data in 
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accordance with the stored program. These two facts dictate 
that every effort be made to eliminate human processing of 
the data, thus eliminating human error, and that the accuracy 
of ell input data generated by hy:»ans be verified. This re- 
quires that the data processing system include two design fea- 
tures: reduction of human handling of data to the very taini- 

mira and verification of the accuracy of all input data. 

Reducing human handling , , To reduce humat. errors, the 
information or data to be processed should be transcribed from 
the basic document without human handling if possible. For 
example, when issuing material from a storeroom, it is recom- 
mended that prepunched cards be used into which must be enter- 
ed only the quantity. Cash registers should be used that simul- 
taneously punch a tape for input into the computer. Once data 
has been reduced to machineable input form, under no condition 
should it be converted by other than a machine process to other 
forms. 

Verifying the accuraby of input data . Since the com- 
puter has no reasoning power, all input data must be carefully 
verified in two locations, namely, when it is originally trans- 
ferred to machineable format and when it is entered into the 
computer. The first verification would be performed by care- 
fully verifying the typed copy of the transaction which is pro- 
duced by the Flexowriter at the same time the tape is punched. 



60 



For the second verification, the computer should by programed 
to check input data whenever possible. For example, the program 
should require rejecting the input of an officer's file number 
if it were other than six digits. It should also be programmed 
to reject any transaction in which the stock number, unit of 
issue, nomenclature and price do not agree. Other sophisti- 
cated checks should be programmed into the computer to ensure 
the accuracy of all inputs. One system is the redundancy check 
digit, wherein as the digits are typed, the checker would multi- 
ply the digits by their proper weights and accumulate the sum. 

The computer would do the same thing and if the sums did not 
agree, the input data would be rejected for correction. A sol- 
ution to these problems lies in an inexpensive optical reader 
which will transfer basic raw data accurately to a machineable •< 

format. There are several models on the market today, but their 
cost ($130,000) precludes their consideration for shipboard use. 
However, the industry is aware of' this problem and a solution 
should be forthcoming in the near future. 

VI. INPUTS AND OUTPUTS 

Careful consideration must be given to Input and out- 
put devices to ensure maximum speed and also maximum possible 
accuracy. Many times the two are interrelated and one must 
be sacrificed for the other. Usually, this can be precluded 
by judicious use of off line equipment. Since input and out- 
put by punched card is generally much slower than paper tape 
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and magnetic tape, punched cards should not be used as an in- 
put or output device. However, to improve the accuracy of the 
input or output, it is recommended that off line conversion 
of cards to paper tape, and paper tape to cards be performed 
by machine. Usually raw data not already in cord form would 
be converted to punched tape by Flexowriter typewriter. All 
transactions should be assigned a consecutive number and a 
transaction code to provide an "audit trail" and a plain lan- 
guage copy of all tapes punched should be retained on file for 
audit purposes. These same file copies could be used for man- 
ual operation in case of computer failure. 

VII. AUXILIARY STORAGE 

Obviously all the programs required for all data pro- 
cessing on a ship and all data to be processed could not be 
stored in the core memory storage simultaneously. Accordingly, 
under the shipboard concept, both the programs and the data 
would have to be stored on magnetic tape reels or magnetic 
tape cards. Magnetic tape cards offer an advantage over mag- 
netic tape reels in that random access would be available from 
the auxiliary storage, while only sequential storage is avail- 
able on the tape. Hence, it would take longer to search a 
tape for data than to locate a card. When processing data for 
a particular department it would be necessary to first read 
the program into storage from the magnetic tape and then read 
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the data to be manipulated into storage. Upon completion of the 
processing the updated file trust be removed from storage and 
placed back on the tape. 

VIII. BACKUP TAPES 

To prevent possible damage to magnetic tapes by degaussing 
and depertning currents, ships should be provided with shielded 
stowage lockers. Ships should retain one spare program tape 
at all times, in the event the program on the tape in use is 
inadvertently erased. Ships should also retain a backup library 
file tape for each tape in use. For example, supply information 
should be accumulated until enough transactions are on hand to 
warrant a computer run. This would update the library tape 
with the latest information. At intervals of every two weeks, 
the contents of all tapes should be duplicated on two other 
tapes. One set of tapes would be packaged and mailed to the 
nearest Fleet Computer Programming Center with a plain language 
print out of the tapes. The purpose of the print outs is to 
permit the Fleet Computer Progranming Center to reproduce the 
tape if it is damaged in shipment. The second tape should be 
stored on board in case the tape in use is inadvertently erased. 
By using this backup tape and the paper tape inputs subsequent 
to that date, it would be possible to update the file tape if 
necessary. 

Keeping the aforementioned concepts in mind, the actual 
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EDI' «')f pile it Ion -5 of. f.anh shipboard department; will bo discussed 
In the following paragraphs , 

T.X. SUPPLY DSPAJIVJSRT 



It has been proved chat Supply Department data process- 
ing can be adapted Co EDP since similar supply procedures 
which are used ashore have already been successfully adapted 
to computer processing. Also, as was mentioned earlier, per- 
sonnel at the Fleet Computer Programming Center, Pacific, have 
programmed and run shipboard coEssiasary, general stores and 
repair parts programs on the AN/USQ 20 computer. The follow- 
ing paragraphs describe how the shipboard Supply Department 
administrative workload could be adapted to EDP utilizing 
current shipboard techniques. Obviously, when a computer is 
actually installed, changes should be made in the organization, 
procedures and regulations in order to best utilize the computer 
and to increase the overall effectiveness of the Supply Depart- 
ment. For simplicity the Supply Department operation has been 
broken down into the following discussion areas: Requisition- 

ing and Accounting, Inventory Control, Commissary, Disbursing, 
Ship's Store and Clothing and Small Stores, Allowance List 
Maintenance and Equipage. 

Requisitioning and Accounting . When funds are granted 
to the command, a transaction card (local form) and paper tape 
would be simultaneously typed and punched using a Flexowriter. 



lh>2 docunenta would contain all the necessary data to completely 
describe the transaction including transaction code, transaction 
number, document number, authority, amount, type of transaction, 
accounting data (including amount budgeted to each department.) 
This information would then be entered into the computer memory 
(initially core storage and later transferred to magnetic tape.) 

Requisitioning would he performed by simultaneously 
punching a paper tape and a transaction card. These documents 
would contain a transaction code, transaction number, date, 
requisition number, quantity, stock number, nomenclature, unit 
of issue, unit price, extension, departmental code and approp- 
riate accounting information. On the basis of this input, the 
obligation of funds would be established and all information 
now contained in the requisition log and stock record cards 
would be entered on the tape. If a stock record card had not 
already been included in the auxiliary memory tape, this input 
would establish one. The output tape would then be run through 
the Flexowritcr to create a plain language copy of the requis- 
ition. The five channel, coded paper tape, would then be nailed 
or transmitted by radio teletype to the appropriate supply 
activity and the plain language copy of the requisition would 
be filed with the original request document. The paper tape 
requisition would contain all the information required by cur- 
rent requisitioning procedures. 

Upon receipt of material, the EAM card accompanying the 



65 



material would be used to punch a tape which would then be 
entered into the computer to record the receipt in the requis- 
ition log and in the stock record card section of the memory 
tape. 

Upon receipt of the monthly summary, the information 
on the attached EAM cards would be transferred to paper tape 
and entered in the computer to clear the obligation and re- 
cord the actual charge to the ship's allotment and the depart- 
mental budget. It would also close the entry in the requis- 
ition log. If the price or any other identification media 
differs from the information in the file, the console typewriter 
would so advise the operator. 

Whenever information regarding the departmental budget, 
status of the allotment, requisition log or the status of an 
individual requisition was desired, the computer would print 
out the information upon request. However, in order to save 
time, this information should not be requested unless necessary, 
as bi-monthly print outs would produce this information auto- 
matically. 

When stock number changes, price changes or similar 
information is received, it would be converted to paper tape 
if not already in that format and entered into the computer, 
instantly updating all stock records. However, the program 
should provide for the retention of the old information for 
reference. Then in the event that material was ordered or 
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received under the old descriptive data, the computer con- 
sole typewriter would draw the operator's attention to the 
error. 

If it is desired to replenish the stock to a three 
months endurance level, the computer could be programed to 
issue the deficiency requisitions in tape format. If funds 
were not available to cover all requirements, the computer 
could be programmed to cut down stock levels to a lower endur- 
ance level. This could be accomplished in a matter of minutes. 

The installation of the computer would make it possible 
for the Commanding Officer and Supply Officer to accurately 
control the ship's expenditures by getting statistical analyses 
of all types. For example, it could produce a listing of all 
paint issued to each department by cost, quantity, or type. 

It could produce a summary of all material of a particular 
type requisitioned by a department, all requisitions costing 
more than $5.00, or any other analysis desired. 

After converting the requisitioning and accounting pro- 
cesses to the computer, the only tasks that would be required 
of office storekeepers would be transferring raw data to tape 
and filing the plain language copies of the tapes. 

Inventory Control . Inventory control of all cogni- 
zances of material stocked by the Supply Department would be 
maintained on the magnetic tape auxiliary storage. The tapes 
would be divided into slow movers or fast movers, irrespective 
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of cognizances, to preclude, excessive searching for item. 

The best time to establish inventory control tapes would be after 
completion of a supply overhaul. Each item stocked would have 
the following information recorded in the inventory control 
tape: stock number, brief nomenclature, component identifi- 

cation number, allowance quantity, unit of issue, unit price, 
quantity on hand, quantity on order, and history of transactions 
to date. 

Issues from the storeroom would be reported on pre- 
punched cards giving all descriptive information necessary. 

Upon issue, it would only be necessary to punch in the quan- 
tity issued, the department or division and the consecutive 
transaction number using o portable punching device. Issue 
documents would be forwarded to the Data Processing Center 
daily where they would be batched and converted to paper tape 
by off line card to tape punch. The computer run would update 
the stock records and the ship's budget accounts. 

If an issue causes the stock on hand to drop below a 
specified low level, the computer would so indicate on the 
console typewriter and would also produce a requisition on 
tape and establish the obligation. If stock levels remained 
satisfactory, the computer would just record the transaction. 

This is the 'management by exception" principle of the com- 
puter which relieves the Supply Officer and Supply Depart- 
ment personnel of the necessity of manually reviewing stock 
levels frequently. 

If it were desired to perform an inventory, the computer 
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could produce a cape which in turn would produce the inventory 
cards. The quantity inventoried wou 1 <1 be punched in the cards. 
Upon completion, the cards would be transferred to tape and 
entered into the computer. Stock records would be updated and 
significant differences calculated and printed out by the con- 
sole typewriter. The Supply Officer would thus be aware of 
the status of the department and the effectiveness of the in- 
ventory control procedures. If the Supply Officer only desired 
to inventory those items that had been issued during the last 
six months, the computer could produce these cards. 

The computer could also be programmed to correct the 
low limits of the stock on the basis of issues. In this manner, 
the computer would not only insure that items in short supply 
were ordered promptly but would also adjust low limits in accord- 
ance with demands. 

Mien material that was not stocked was required, a tape 
requisition would be prepared on the Flexovriter simultaneously 
with a transaction card. When this tape was entered into the 
computer it would establish stock records for this item and 
if repeated demand occurs, would calculate the stock level that 
should be maintained and would advise the Supply Officer of 
these facts on the console typewriter. 

The only inventory control records maintained by the 
Supply Department personnel would be the duplicate transaction 
file and file of periodic print outs. 



Commissary Records. Subsistence items would be 
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requisitioned in the same wanner as general stores items ex- 
cept that they would be charged to the proper appropriation. 
Inventory would also be performed in the same manner as gener- 
al stores and repair parts. Standard menu items and the quant- 
ity of each item required to prepare the menu for the various 
number of persons that the ship could be expected to serve 
would ba programmed into the computer giving stock number, 
nomenclature, unit of issue and price. When the menu had been 
approved for the week, each item on the menu would be punched 
in a paper tape and entered into the computer. It would then 
compute the quantity of each item that should be drawn each 
day to support the menu. This tape could then be used to 
punch a stub requisition which would be used to draw the sub- 
sistence items each day. The computer would also tell the 
Supply Officer, in advance, the cost of the daily ration for 
each day of the week and the accumulated average cost to date. 
After issue, the stub requisition would be returned to the 
Data Processing Center for processing as an actual expenditure. 
If the quantity initially calculated by the computer had to 
be altered, a new stub requisition would be punched and the 
running average corrected accordingly. Other transactions 
such as surveys, issues, sales to other messes, cash sales, 
and similar would initially be handled by a stub requisition 
or receipt expenditure invoice and would subsequently be con- 
verted to punched tape for input into the computer. All trans- 
actions affecting balance sheet captions would be accumulated. 
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fio that at the end of the accounting period the computer would 
instantly conpute the commissary returns. Hie computer could 
also print out inventory sheets for the periodic inventory and 
perform all the necessary computations. 

The computer would maintain stock levels in the pro- 
per range and would be capable of giving the Supply Officer 
statistical analyses of actual consumption of individual sub- 
sistence items so that the endurance of the ship could be 
maximized with the proper ratio of the subsistence items 
that the particular ship uses. 

Disbursing . Payroll computation was one of the first 
applications of EDP in industry and the military services 
were also quick to apply payroll to EDP. The Navy Finance 
Center, Cleveland, Ohio is using computers to calculate pay 
and there is no reason why any other command could not per- 
form this operation. Basically, each entry on the pay record 
for each person would be placed in magnetic tape memory. All 
routine transactions affecting pay would be converted to tape 
and entered into the computer. At each pay day, or at other 
times when required, the computer would compute the pay of any 
or all persons on the ship, punch the amount due on paper tape 
and this paper tape could be run through the Flexo writer to 
automatically print the payroll. Special precautions must be 
taken, however, to ensure that "audit trails" provided meet 
the requirements of the Comptroller of the Navy. 



Shin's Store and Clothim: and £an) 1 Stores . Requl si 
t lotting, accounting And inventory control of material cart l 
in Ship's Store end Clothing and St3.il X stores could be per- 
formed ir< a fanner similar to the procedures already dis- 
cussed for these functions. Purchase orders and dealers' 
bills could be handled in a manner similar to requisitions 
with modifications to record the actual payment of the 
dealer. Transfers from the bulk storeroom to the issue 
storeroom would be made on a prepunched card go that only 
the quantity would be punched into the card at the tine of 
transfer. This card could then be converted into a punched 
tape to provide an input into the computer so that it would 
maintain running inventories of material in the bulk store- 
room or of material issued to various activities. Whenever 
possible, cash registers which also record sales on punched 
tape should be used in the retail activities. By appropri- 
ately coding classes of items such as tobaccos, sundries, 
leather goods and uniform accessories, the computer would 
not only be able to maintain the current status of ships 
service activity sales, but would also reveal which classes 
of items were or were not selling. All transactions that 
affect balance sheet captions would be accumulated, so that 
at any time the status of the Ship's Store and Clothing and 
Small Stores account could be printed out. The computer 
would also be able to print out inventory sheets and cards 
for the periodic inventory and perform all the necessary 
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computations. It ould al bo be progrAwwad to compute celling 
prices for new items or adjust prices on old items as desired 
by the Supply Officer. 

Allowance List Maintenance . The ship's coiaplete allow- 
ance list would be stared in the auxiliary memory. Accord- 
ingly, changes in identification media and allowances of items 
could be rapidly aide and the ship's allowance would always 
be current. Likewise, tables of substitute stock numbers 
and superceded stock numbers would be retained in auxiliary 
storage so that rapid conversions could be made if desired. 
These tables would be especially useful if a ship had an emer- 
gency requirement for an item and desired to determine if a 
substitute, superceded or replacement item was available. 

Equipage . A record of all equipage items would be 
placed in auxiliary memory. This would permit the records 
to be updated for stock number changes, inventory, survey 
and procurement action. It would also permit the immediate 
calculation of shortages and would permit scheduling inven- 
tories. 



Supply Department sur-nary . The introduction of a 
computer and shipboard EDP would permit the Supply Depart- 
ment to process all routine data by computer. This would 
have the following effect on Supply Department personnel. 

1) Office records. All office records would be 
adapted to electronic data processing and the only duties 
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remaining would be the filing of transaction records and req- 
uisitions and converting rax? data to punched tape. This would 
elisainate stock control personnel, requisition desk personnel 
and allotment and budget maintenance personnel. Correspondence 
would still require manual handling. 

2) Storeroom personnel. The duties of storeroom per- 
sonnel would be reduced to maintenance of storerooms and receipt 
and issue of material. It is recommended that all fast moving 
items (items with allowance of three or more or history of three 
or more issues within a two year period) be stored in one store- 

CC 

room. This would minimize maintenance and expedite issue of 
material. This would also permit a reduction of some storeroom 
personnel. 

3) Disbursing personnel. The duties of disbursing 
personnel would be reduced to transferring raw data to punched 
tape, handling particularly unusual transactions, and phys- 
ically assisting with payment of the crev;. Accordingly, it 

is estimated that one disbursing clerk could be eliminated 
for every five hundred pay records maintained, except that a 
minimum of one must be retained on board. 

4) Commissary, Ship's Store and Clothing and Small 
Stores. Since only the records of these divisions will be 
affected by shipboard EDP, only personnel engaged in the actual 

5%fany type commanders and sjpply overhaul activities 
classify items with an allowance o*. three or sore or w.»ith a 
history of three or more issues in a two year period as fast 
movers. 
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processing of record:* cculd do eliminated. 

5) end Allowance List, 3i;~.ce all equipage 

records and allovctnca lists would be act ban i zed, all per- 
sonnel perfuming these func. fleas coaid be elininnted. 

Listed below is u 6u»ar/ of enlisted personnel ttvr. r 
could be eliminated when LDP is fully implemented in the 
Supply Department afloat. Ihese numbers are minima ms and 
are actually understated since they da not take into con- 
sideration reductions in services, habitability, living 
space, working space, and stores required to support per 
oonnel eliminated. 



Destroyer 

Type 



Aux. Carrier 

Type Type 



Inventory Control 1 
Requisition Desk 1 
Allotment Control 0 
Storerooms 0 
Disbursing 0 
Commissary 1 
Ship's Store and C & SS _JL 

4 



2 

1 

1 

2 

1 

1 

1 

9 



4 

2 

1 

6 

3 

1 

_1 

18 



X. PERSONNEL 



All personnel records would be handled by electronic 
data processing. In fact, all personnel information and 

data coming to the ship from shore activities or going from 

{ 

the ship to shore activities would be in machlneable format. 
This would preclude the necessity of conversion of data to 
machine input format both afloat and ashore. The personnel 
records and leave record of each person would be maintained 
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it'r ->wati© » vruld il«o 1! >c u*ed f«t otW purposes such as dis- 
bursing, training records. Watch Quarter and Station Bill assign- 
ment, medical and dental records. Division officers T *ould be 
furnished print ojts of wcrsonnel in their division. THs sys- 
tem would also prov de the corm^and with a means of rapidly deter- 
mining information or statistics within the conmand. For example, 
rather than have personnel manually search the records of the 
entire crew, the computer could print out in seconds lists of 
all men with specified periods of service, men whose enlist- 
ment expires within a certain period, men who have been aboard 
a certain period, men who have fore gn language ability, men 
who ha e certain technical unifications, etc. The computer 
could also maintain leave schedules and other administrative 
records. Routine and when occurring reports pertaining to 
personnel would be produced on punched tape and mailed in this 
form to the appropriate activity. Consequently even though 
the bulk of the personnel and personnel functions could be 
eliminated, the command would have better personnel records 
and information than is now available. 

XI. SHIP'S OFFICE 

The shipboard computer would prove very useful as a 
data retrieval device. Whan official mail was received for 
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the ship, complete identification information and three or 
four key words which describe the subject, the file location 
and the shipboard routing, would be punched on paper tape. 

This information would then be placed in file memory, The 
computer would be programed to tell if correspondence with 
the particular key words bad been misrouted. It would also 
be able t© give a listing of all correspondence received under 
any particular key word. Accordingly, if all references on a 
particular subject were needed, the computer would be inter- 
rogated using the key words, A list of all references per- 
taining to the key word would be produced. The computer could 
also be programmed to print shore patrol lists, liberty lists, 
and mailing lists. It could prove very useful in producing 
the plan of the day, for if various events were scheduled 
and entered in the computer by date, It would print out all 
events scheduled for a particular date without further notifi- 
cation. 



XII. MEDICAL AND DENTAL DEPARTMENTS 

The requisitioning, accounting, inventory control and 
inventory of medical and dental supplies and material would 
be performed in exactly the same manner as other shipboard 
material. Likewise, medical and dental records would be 
handled in the same manner as personnel records. The com- 
puter could also be programed to schedule dental appointments. 
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annual x-rays, innoculation schedules and similar routine 
medical and dental functions. When the Medical Officer placed 
a man on the sick list, a paper tape would be punched giving 
all the appropriate information. This input would then be 
used to print a daily sick list, and make a simultaneous entry 
in the man's health record. The computer would also be inval- 
uable in accumulating statistics on the medical experience of 
the crew. 

The computer could also be used to diagnose maladies 
on the basis of the symptoms observed. These symptoms would 
be entered into the computer. The computer would match these 
symptoms with a stored program which related different di- 
seases to symptoms . ^ The output would be a list of diseases 
that would be indicated by the symptoms noted and instructions 
on what further tests to make. This system would be parti- 
cularly useful on smaller ships which do not have Medical 
Officers attached. 

XIII. ENGINEERING DEPARTMENT 

The use of shipboard electronic data processing would 
permit the Engineering Department to accumulate necessary 
information that was never before possible. The machinery 

^Robert s. Ladley, Lee Blasted, "Computers in Medical 
Data Processing," Opemtions Research , Vol. 8 No. 3, (June 1960), 
pp. 299-310. 
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history of each piuc*i of r&cftinciry installed on the ship 

would be placed in wagw-t-ic tape storage. All information 
pertaining to a particular piece of machinery including 
hears in use, hours unavailable, cost ©£ maintenance, man 
hoars of maintenance required and similar information would 
be recorded. This would permit the Engineering Officer to 
accurately evaluate the engineering plant. Preventive main- 
tenance requirements for each piece of equipment would be 
placed in memory and the computer would schedule the main- 
tenance and report progress and any backlogs. Likewise, job 
orders for other departments would be placed in memory and 
scheduled in accordance with a priority assigned each job. 
Costs and man hours as well as productive time of Individual 
repair personnel would also be accumulated. Daily operat- 
ing information and consumption figures would be entered into 
the computer, total accumulated and the monthly summary auto- 
matically computed. Shipyard and tender repair jobs would 
be written up as the necessity became apparent and printed 
out by computer when the ship was notified to submit work 
lists. Boat and vehicle history and cost records would be 
maintained by computer as would blue print indexes. Obviously, 
the computer could save the Engineering Department many office 
personnel and allow technical personnel more productive time. 
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XIV. GUNNERY OR DECK DEPARTMENT 

The history record of each piece of gunnery equipment 
and each compartment on the ship would be maintained in mag- 
netic tape storage. Preventive maintenance required for each 
item would also be placed in memory and the computer would 
schedule preventive maintenance. Any repairs, inspections 
or maintenance performed on any compartment or equipment 
would be converted to a punched tape and entered into the 
computer auxiliary memory. This input information would con- 
tain such information as date, work performed, persons per- 
forming work-, cost of material and similar information. A 
record of cleaning gear issued to divisions and departments 
could also be entered in memory. Ammunition inventory records 
would be maintained in the same manner as Supply Department 
material. With this information in the computer, the Gunnery 
Officer and/or First Lieutenant could be quickly furnished 
with statistical data necessary to manage and control the res- 
pective department effectively. In addition the tedious job 
of maintaining ordnance history records, and current ship's 
maintenance project records would be reduced to simply punch- 
ing a paper tape with the necessary information. 

XV. COMMUNICATIONS 



The computer would be used to maintain inventories of 



?0 



registered publications including custodians, changes Bade 
and changes pending. It would schedule the preventive main- 
tenance* of communication and electronic equipment, maintain 
the history of each equipment including the hours in use and 
the cost of repairs. It would also be used to maintain the 
ship's current listing of telephone numbers and would be used 
to maintain a file of all messages received by the ship. 

XVI. NAVIGATION 

The computer would be programed to instantly solve 
the Navigator's celestial observations, and it would also be 
used to maintain the inventory of charts and the corrections 
that apply to each chart. 

XVII. REPAIR AND AVIATION DEPARTMENT 

The computer would perform data processing for the re- 
pair and aviation departments in a manner similar to the same 
tasks performed for other ship's departments. 

XVIII. TRAINING 

The ship's training program and personnel training 
records vxrnld be placed in auxiliary memory in the computer. 
The computet could then produce daily training schedules, 
report program® that are behind schedule, and permit rapid 
correction and updating of the various programs. Personnel 
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training records could very easily be maintained current by 
simple punching a tape input for personnel completing courses, 
classes ox practical factors. The computer could also be used 
to actually run war games, battle problems and damage control 
drills. 



XIX. OFFICERS AND CPO MESS RECORDS 

The most troublesome records to maintain properly a- 
board ship are the records of the private messes. This is 
primarily due to the unfamiliarity of the respective treasurers 
with mess records and accounting. Kie private mess records 
would be consolidated and adapted to electronic data process- 
ing. This would eliminate the work involved in maintaining 
these mess records and insure that they were always correct. 

XX. LANGUAGE TRANSLATION 

When visiting in foreign countries there would be 
many occasions when it would be desirable to translate official 
ship's history and programs into a foreign language. If the 
ship were provided a magnetic tape to translate English to for- 
eign languages this could be very easily accomplished. The 
material to be translated would be punched into paper tape. 

The computer output would be the translation which would be 
run through a Flexowriter to obtain the print out. 
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XXI . STAFF LOGISTICS 

The computer could be very successfully employed by 
an embarked staff in operations research and feasibility 
studies. It could prove invaluable in planning and execut- 
ing air sorties, ship to shore movements, search patterns 
and similar exercises including probability and simulation 
with large amounts of data and many variables. For example, 
a complete ship to shore model could be built, programmed 
and placed on magnetic tape. The command planning a landing 
would then enter into the computer various variables includ- 
ing number of personnel, tanks and artillery involved and 
the computer would automatically compute the logistic re- 
quirements for the operation. Models could also be pro- 
vided for similar military operations and for war games for 
use in training staff personnel. 

XXII. GENERAL QUARTERS USE 

The computer would prove invaluable during General 
Quarters by making damage control information instantly 
available to repair personnel. The information would in- 
clude all circuits, steam, water and oil cutouts that must 
be secured in the event of fire or flooding for each compart- 
ment of the ship. It would also provide a listing of com- 
partments which should be counterf looded in event any com- 
partment or compartments were flooded, information on the 
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quickest means of dewatering a compartment and the locations 
of the nearest portable pumps, tools, shoring, sprinkling sys- 
tems, and magazines. 



XXIII. SUMMARY 

It must be concluded that at least seventy-five per 
cent of the data processing workload afloat could be performed 
by a computer. It must also be concluded that the computer 
could do the processing more accurately and more quickly and 
could perform tasks that are not possible under the present 
manual methods. It would permit large reductions of personnel 
in the supply and personnel areas and lesser reductions in the 
other departmental areas. 



CHAPTER IV 



CAN THE COMPUTER AND PERIPHERAL EQUIPMENT 
BE ACCOMMODATED ABOARD SHIP? 

Chapter III indicates the almost inexhaustible nun* 
her of applications of the computer to shipboard data pro- 
cessing. Hence it is established that electronic data pro- 
cessing can be effectively used afloat. The next question, 
and the most important question, is whether the computer 
and its peripheral equipment can be accommodated aboard 
ship. This is a difficult question to answer and in deter- 
mining the answer there are many aspects which must be con- 
sidered. In the following paragraphs each of the following 
considerations are discussed: physical size, air condition- 

ing requirements, cost, maintenance, programming procedures, 
psychological aspects, training requirements and organization- 
al changes. 



I. PHYSICAL CONSIDERATIONS 

The trend in computers and peripheral equipment is to- 
ward smaller, lighter, more reliable components with lower 
power requirements and ability to operate at normal temper- 
ature ranges. Thus there is no question but what the com- 
puter of the future will find its place aboard ship. The 
question is can they be placed aboard ship today. Some of 
the characteristics that must be considered before concluding 



thac a computer can be Installed on a naval vessel are dis- 
cussed below. 
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Size and Weight . The size and weight of the type of 
computer suitable for shipboard installation is no problem. 

The large scale, general purpose computer AN/USQ 20 that is 
being installed on all major Navy ships, weighs 2300 pounds 
and is only 33" deep x 37" wide x 72" high.^ This is the 
approximate size of the usual household 8 cubic foot refrig- 
erator. Its primary power is provided by a 60 cycle input, 

400 cycle output motor alternator. The diode and transistor 
circuitry only require 2500 watts. Another suitable shipboard 

computer, the AN/UYKl is only 16" deep, 20" wide and 59" high 

58 

with a total weight of 550 pounds. This computer is less 
than half the size of the AN/USQ 20. 

Peripheral equipment that would have to be accommodated 
would consist of the following: 

DECK AREA WEIGHT 

Two magnetic tape handlers, 10 sq. ft. 2800 pounds 

each 30x24x60, weight 1400 

pounds 

One paper tape punch and 7.2 sq. ft. 250 pounds 

reader, 43x24x48, weight 
250 pounds 



■^Paul Conlin, "Combat Computer, " Armed Forces Manage- 
ment . Vol. 7 No. 10, (July 1961), p. 15. 

^Thompson Ramo Wooldridge, Inc., AN/UYK 1 Computer 
Description . , p. 23. 
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One shielded tape cabinet 

Two Flexowriters (slightly 
larger than an electric 
typewriter) 

One off line tape to card 
and card to tape converter 



DECK AilEA 
10 sq. ft. 

24 sq. ft. 
7 sq. ft. 



WEIGHT 
200 pounds 

600 pounds 
300 pounds 



To give the reader an idea of sizes of equipments in- 
volved, the computer is comparable to a normal household re- 
frigerator, each magnetic tape unit, the size of a public 
telephone booth, and the paper tape punch and reader is the 
size of a four drawer legal file cabinet, as is the tape to 
card and card to tape converter. So the computer center 
would contain equipment comparable to three file cabinets, 
one refrigerator and two telephone booths, plus two desks 
with electric typewriters. Obviously, these will fit in al- 
most any compartment aboard ship. 

In connection with size trends of computers, it is 
interesting to note that the AN/USQ 20 which takes up nine 
square feet of floor space has the equivalent workload cap- 
ability of two UNIVAC 1103 computers, each of which takes 

59 

up 1400 square feet of floor space. It is also interest- 
ing to note what the manufacturers predict in the size of 
future computers. IBM in its General Information Manual 



S^Conlin, 1 oc „ cit 
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advises that 

Computers, by 1980, will probably be quite different 
from today's. Storage and processing units as powerful 
as today's largest may be the size of a television set, 
perhaps smaller.^ 

It is also appropriate t© note that at the Western 
Joint Computer Conference in May 1960, Mr. John M. Salzer, 
Director Intellectronics Laboratories, Ramo Wooldridge, Canoga 
Park, California stated that 

From our brief review of things to come, we can 
conclude without a doubt that the advances in our 
technology will be startling and indeed they seem un- 
limited. Computers will be small enough to become 
vastly more useful in many new applications, and power- 
ful enough to perform almost any task.^l 

We can thus conclude that size is no problem now and 
will be no problem in the future. 



Shock Resistance . The use of solid state circuitry 
makes it practicable to design a computer that is completely 
shock resistant and unaffected by the motions of the ship. 
However, all commercial computers are not shock resistant 
and this requirement would have to be specified in any pro- 
curement action. 



^International Business Machines Corporation, 
General Information Manual , (White Plains, New York, 1960), 

p. 11. 



^John Mo Salzer, "Data Processing-What Next?", Pro - 
ceedings of .Western Joint Computer Conference , Vol. 17 (May 
3~5 1960), p. 197. 
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II. AX* CONDITIONING 



The -vK'iu.t of solid state computers using diode and 
translate* circuitry has reduced the power required by the 
computer to the point where air conditioning is not required. 
The most critical component to temperature change is the mag- 
netic core storage, but recent technical papers report that 
cores have new been successfully operated over temperature 
ranges of -55°C to 125 C. Some manufacturers have built 
air conditioners into their computers and these require no 
additional air conditioning, but they do require a water 
source. Another technique that pomufacturers are using is 
to design computers to operate at elevated temperatures. 

Then the requirement is to maintain the heat in the com- 
puter center rather than air condition the space. This tech- 
nique was employed in the Navy's newest largest computer, the 
LARC, which is installed at the David Taylor Model Basin, 
Washington, D. C„^ The AN/UYK 1 computer, which is suit- 
able for shipboard use, is designed to operate at temperatures 

62r. s, Weisz and M, Rosenberg, Wide Temperature 
Range Coincident Current Core Memories, " Proceedings of the 
Western Joint Computer Conference , Vol 19 (May 9 - 11 , 1961 ), 
p. 207. 

^Arthur F, Draper, "Computers," Sperry scope , Vol. 15 
No. 10, (Third Quarter 1961), p. 19. 
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«**. factors other chan the computer to 
conswer ,.hcn d«cerm„ llls ..hether . computer center should bo 
air conditioned. Probably the »« critical device in a data 
processing system is the noetic tape reader, a little piece 
of dust in the reader may alter the rending and introduce an 
error in the computer. Computers are designed to pick u P this 
error, houever it still occurs and sloes the processing, other 
difficulties occur in the handling of punched cards and punched 
taps under humid conditions, or after the tape and cards have 
been stored in high humidity spaces « A lao ,.,„ y of the ^ 

efficient tape units require air condi tioning, 

Consequently, although computers of the future will not 

require air conditioning, it is recommended that the computer 

enter be air conditioned in order to obtain optimum operating 
conditions. 

HI. COSTS 



Costs aro deceptive to say the least, It has been a 
eorwon error in the past to underestimate costs and overestimate 



Descriptor s?" Rm ‘' W ’ x,ldri <>8b. Inc., AN/UYK I Computer 

Corpora ti on, 1 'pera.inJl "'let ter of"K«Jh : ?T"i%“ tiVe ' C “ rtou 3 hs 
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66 

savings when determining whether to install a computer or not. 
This is partially caused by the fact that people fail to in- 
clude the costs of peripheral equipment which is usually equal 
to the cost of the computer, that mure uses arc found for the 
computer than originally planned and the fact that resistance 
to change or suspicion and distrust prevent the total surrender 
of all data processing to the computer. Accordingly, when cal- 
culating costs and savings, the writer will be very, very con- 
servative, will include all possible costs, using the cost that 
would apply to a government activity buying one of a kind in 
equipment. Actually, many manufacturers that the writer con- 
tacted indicated reductions up to thirty percent if lots of 20 
computers were purchased. Therefore, the net costs discussed 
are actually maximum costs rather than minimuos. 

The appendix gives the breakdown of some typical com- 
puter systems available today that in the writer's opinion 
would perform the job desired. These are not ultra sophis- 
ticated systems but unquestionably would produce the desired 
results. (Note, however, that none of these systems are 
recommended for installation for reasons that will be discussed 
in Chapter V.) The absolute maximum cost per installation 
would be $300,000.00 and the minimum costs without quantity 



Original Targets Missed, " Navy Management Review , 
Vol. 5 No, 10, October 1960, p, 8. 
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discounts would amount to $105, 000 , 00 per installation. 

Captain J, Garrett, USN has made an extensive study 
in the area of the shipboard manning problem and new tech- 
nology, Quoted belov; is Captain Garrett's computation of 
savings created by the reduction of on-board count of officers 
and enlisted men. 

Some of the savings that could be achieved by the 
reduction of the on-board count of officers and en- 
listed men by one, for the 20-year life of a ship, are 
indicated by the table that follows. These estimates 
are based on 1960 wage and equipment costs and not the 
escalating costs that might be anticipated. 

Shipboard Manning Costs (20-Year Ship Life) 



Per Officer Per Man 



Pay and allowances $130,000 $ 90,000 

Training and travel amortization 60,000 20,000 

Retirement annuity 13,000 9,000 

Habitability space 6,750 2,700 

Habitability equipment 2, 250 800 

$212,000 $122,500 



Additional savings resulting from reductions in re- 
quirements for house-cleaning, stores handling, personnel 
administration, personal safety equipment and personnel 
access provisions have not been included in these es- 
timates,^ 

Assuming that the average Navy ship is ten years old, 
the costs derived by Captain Garrett for a twenty year per- 
iod will be reduced by one half. Then the savings that 
would be experienced by the reduction of one officer or one 



^Captain J, Garrett, "New Technology and the Shipboard 
Manning Problem, " Naval Research Reviews , October 1960, pp, 2, 3, 



92 



enlisted ®an t h-- on-board count would a count to $106,000 

or $61,000 respectively c However, industry has found that 
for every three person® displaced by electronic data process- 
ing, one person roust be added to operate and maintain the 
equipment* While it is expected that in the case of the Navy, 
the bulk ©f the personnel required to operate and maintain 
the computer would be obtained by training personnel on board, 
for the purposes of conservatism, it will be assumed that 
the one for three average experienced in industry would also 
prevail in the Navy* Thus the savings experienced for a de- 
crease of one officer or one enlisted person would be further 
reduced by one third to $71,000*00 and $41,000*00 respect- 
ively in order to compensate for computer operating and main- 
tenance personnel added to the on-board complement or to 
support activities* 

Table I shows the combinations of the number of offi- 
cers and/or enlisted personnel that would have to be reduced 
from the on-board count to realize savings in the $105,000 
to $300,000 dollar range. Assuming that a system costing 
$300,000 is selected, the system will more than pay for it- 
self if it will replace 2 officers and 4 enlisted men, or 1 
officer and 6 enlisted, or 8 enlisted. It is to be emphas- 
ized, however, that these figures are based on the very minimum 
savings to be expected compared with the maximum current costs 
of equipment* Since computers are becoming more sophisticated 
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each day;, each pew node] will be capable of pet forming iwe 

tasks thus creating greater savings in the future. Likewise 

the cost trend in computers and equipment is very decidedly 

downward. In fact, Arthur F, Draper, Remington Hand Univae 

Division Marketing Executive in a recent article stated that 

‘'the possibilities of future reduction of computer size and 

68 

cost tend to stagger the imagination. 

Since the wages of man keep rising and computer costs 
are decreasing, it can be expected that even less personnel 
would have to be reduced from the on-board count in the fut- 
ure in order to realize net savings. 

A review of the tasks enumerated in Chapter III that 
can be performed by the computer reveals that in any ship 
with the personnel allowance of a destroyer or greater there 
would be no problem effecting a reduction of personnel suffic- 
ient to compensate for the installation costs of the computer. 
On ships with personnel allowances larger than a destroyer 
great savings could be realized, and on ships having fewer 
personnel than destroyers, such as an LST, only minor reduc- 
tions in personnel could be effected. However, the greater 
savings on the larger ships would more than pay for net costs 
experienced on smaller ships. Under any condition, any plans 

Arthur F, Draper, "Computers- Some History and Back- 
ground," Sperrysceps «, Vol. 15 No, 10, (Third Quarter 1961), 

p. 18, 
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for installation of data processing on ships should not 
n.'gl^ct the smaller ship because a net savings would not be 
attained on this type 'vessel* If any ship requires an elec- 
tronic data processing system, it is the smaller ship with 
the same scope of paper work 'is the larger ships but with 
xnu&r personnel to proc* -vs it* 
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The very conservative cost and ravings figures just 
discussed conclusively prove that net savings can be obtained 

on the majority of the ship types and on the fleet as an en- 
tire unit if data processing is installed and it is properly 
utilized,, However, comparisons of costs and savings should 
not be the sole criterion in considering whether to install 
electronic data processing or not, The criterion that must 
also be used, is whether the advantages and improvements re- 
sulting from installation of the computer system or its con- 
tribution to military operational capabilities outweigh the 
costs. In this area it mist be considered whether the com- 
puter can accomplish all the present procedures more effic- 
iently than men, and whether the system will also perform 
more worthwhile tasks than were possible before installation. 
Hr. E. Wainright Martin, Jr. neatly sums up this criterion 
when he says 

We should not attempt to maximize the value of data 
processing results nor to minimize the cost of data pro- 
cessing, rather we should maximize the data processing 
profit which is the difference between the value of the 
results of data processing and the costs of obtaining 
these results, ^9 

Accordingly, it is necessary to compare the total pro- 
fit to the, Navy obtained by installing EDP afloat against 
the actual costs, which have already teen proved to be net 

Wainright Martin, Jr., Electronic Data Pro - 
cessing An Introduction (Homewood; Richard D, Irwin, Inc., 
1961) , p. 329. 



profits rather than costs in most instances. The actual pro- 
fits to be realised are almost innumerable but son© of the 
core important ones ate discussed below. 

Improved logistic and operational readiness . The most 
compelling reason for installation of electronic data pro- 
cessing afloat is in reality to optimize the logistic and 
operational readiness of the ship. Almost every application 
of the computer contributes to this goal. The installation 
of a computer coupled with the trend toward less costly min- 
iature electronic repair parts will instigate a chain reaction 
that will finally attain the absolute maximum readiness per- 
iods sable within the defined parameters. For example, sophis- 
ticated inventory control procedures employed by the computer 
will minimize risk while also minimizing cost and storage 
space. This will in turn permit increasing the range of re- 
pair parts carried which will further increase the readiness 
of the command. Thu® the final result ©f installing electron- 
ic data processing afloat will be optimal logistic and oper- 
ational readiness. 

Improvement of inventory control . The Supply Overhaul 
Program has proved beyond a doubt that ship's personnel are 
unable to keep up with the current shipboard data processing 
workload. This ha® been obvious to all concerned, and as a 
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result al) hips receive a supply overhaul whenever they 
undergo a r^/ulue shipyard overhaul. The cost of actually 
performing this overhaul and the same results obtained by the 
supply overhaul could be realized by installing EDP aboard 
ship* The inability of ships to perform all the required 
functions was emphasized by the Supply Officer of the USS 
Klondike AR 22 

Ships are not adequately manned in storekeeper rat- 
ings to adequately carry out all the paperwork that the 
book calls for. There is a shortage in both quantity 
and quality and frequent rotation of personnel proves 
a large problem, ^ 

Obviously, inadequate inventory control procedures 
can also adversely affect the ship's material and logistic 
readiness, which is the prime function of the Supply Depart- 
ment afloat. 

Improved accuracy of data processing . The computer 
has proved beyond a doubt that it has uncanny accuracy and 
in this aspect, is far superior to the human being. With the 
advent of electronic data processing ashore whereby inaccurate 
and absurd requirements go unnoticed, inaccuracy afloat can 
be very costly in many respects. For example, the wrong mat- 
erial may be received, it my delay processing time in that 
the computers ashore may reject the incorrect requirement and 

^CDR E, J. Rinetti, SC USN in personal letter of 
10 February 1962. 
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tiie delay in obtaining the required item may seriously affect 
the command's ability to carry out its assigned mission. 

Reduced shipboard workload . The installation of the 
computer will reduce the shipboard workload for all depart- 
ments by performing routine clerical work and eliminating 
duplication of effort. This will in turn allow the onboard 
count to be reduced and free other personnel to deal with 
the more important aspects of management and command. 

Improved timeliness of data processing . The use of 
electronic data processing afloat will permit required re- 
ports to be submitted almost instantaneously thus improving 
the value of the reports both to the ship and other inter- 
ested activities. 

Reduction of file storage space and office equipment . 
The utilization of the computer and the maintenance of all 
routine records on magnetic tape will drastically reduce 
the file storage space. Likewise, the computer will permit 
large reductions in the amount of office equipment required 
including desks, typewriters and file cabinets. 

Capability of rapid increase in work load. The in- 
stallation of the computer afloat will permit almost instan- 
taneous and unlimited increases in data processing workload 
afloat without an increase in personnel. This ability to 
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rapidly expand would improve the nobilization capability of 
the fleet immeasurably. Likewise, this capability will per- 
mit greater Material and logistic readiness by permitting 
large increases in nuiaber of items stocked and wider disper- 
sion of stock. Conversely, the computer will permit the 
ship to operate effectively in the face of severe personnel 
casualties or shortages. 

Capability to perform new tasks . The installation of 
the computer will provide the conmand with the ability to 
perform necessary tasks that are presently beyond the cap- 
ability of ships' personnel. It will permit the command to 
analyze its operation and to obtain statistics that will 
permit greater efficiencies within the cossnand, that will 
permit the practice of operations research or management 
science, that will permit the Commanding Officer to better 
allocate funds and other scarce resources and provide more 
accurate and timely information on which to base decisions. 

Decrease in pipeline personnel and material . The use 
of the computer afloat for handling personnel and material 
reports and requirements and the transmission of data in 
machincable format will permit a large decrease in the num- 
ber of personnel or amount of material in the pipeline going 
to and from the ships. 
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Deere age In workload and processing cycle ashore . 

The utilization of the computer afloat will enable the ship 
to transmit data to shore activities or receive data from 
shore activities in m&chineable format. This will preclude 
the necessity of the shore activity employing large numbers 
of keypunch operators and clerks to convert machine coded 
documents to readable format and vice versa. The errors 
attendant to this practice will also be eliminated. Like- 
wise, it will decrease the processing cycle ashore making the 
shore establishment more responsive to fleet requirements. 

Another important factor is that the use of the com- 
puter for data processing afloat will ensure better inven- 
tory control and will greatly reduce the total number of de- 
mands placed on shore activities and also the number of emer- 
gency demands. This in itself, with the accompanying decrease 
in premium transportation requirements, will produce an apprec- 
iable savings at shore activities. 

Thus while the net costs of installing a computer 
aboard ship are minimal, in fact, even profitable, on large 
ships, the overall improvements and savings that would be 
realized by the Navy are tremendous. 

IV. MAINTENANCE 

It is impossible to consider maintenance without also 
considering reliability. Likewise, it is necessary t© discuss 
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the maintenance considerations in connection with the computer 
itself, separately from the peripheral equipment, since the 
latter has moving parts while the computet has very few. Accord- 
ingly, the computer and the peripheral equipment will be dis- 
cussed separately. 

Computer manufacturers have stressed reliability in 
their product from the beginning because they realized it would 
have to be used constantly to be economical and because the com- 
pany usually rents the equipment and has to maintain it with 
their own employees. As a result they have achieved marked 
success. Hot only have they produced high reliability, but 
they have proved consistently accurate in their ability to pre- 
dict reliability. Proof of this reliability is presented in 
the following examples, 

Daystrom Systems Division furnished a computer to 
Louisiana Power and Light Company to completely automate a 
new station. Daystrom predicted the computer would operate 
for six months with 99% availability. (Note they said avail- 
ability, not reliability, which means that time for preventive 
maintenance is non~available or down time.) The computer has 
run eight months, day and night, at 99.994% availability, hav- 
ing been shut down only twenty minutes in the eight month period. 

^ "Computers Start to Run the Plants," Business Week , 

No. 162?, (November 5, 1960), p, 50. 
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Similar reports have been received from afloat in- 
stallations of computers. Dr, Joseph H. Engel, of the 
Operations Evaluation Croup, Washington, D. C,, stated in a 
talk at the U, S, Naval Postgraduate School that he was aboard 
the USS 0ri3kany when one of the AN/USQ 20 computers exper- 
ienced its first down time since installation. This was after 
2000 hours of operation. 

In another example, Thompson Ramo Wooldridge predicts 
that the estimated mean time between failures of their 
AN/UYK-1 computer is 896 hours, ^ 

This extraordinary high degree of reliability must be 
attributed to the initiative and engineering expertise of the 
technical staffs of the manufacturers. However, they have 
not ceased in their efforts to improve their products and as 
computers are used for more and more control or real time 
operations, reliability is receiving even more emphasis. 

There are two principal methods of improving reli- 
ability, improving the individual components and improving 
the circuitry. The probability that any complete electronic 

I 

system will function as intended is found by multiplying 
together the probabilities of the individual components and 



^Thompson Ramo Wooldridge, Inc, AN/PYK-1 Computer 
Description . , p„ 23. 
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ta\. osmvcti -la up the syste's-. With the present stats 

of development of reliable electronic devices, the soldered 
connections which outnumber the components many tifses over 
represent more of a collective reliability hazard than do 
the components themselves, If e system consists of five com- 
ponents and connections and the components have a probability 
of survival of 907 o , together the probability of survival is 
.9 x ,9 r .9 r ,9 x .9 which equals .59. This shows that a 
reduction in the number of components and connections will in- 
crease the reliability of the system much more than an improve- 
ment in the reliability of the component itself. Consequently, 
two attacks are being made to improve reliability: Increase 

the reliability of the components and decrease the number of 
components and attendant connections. The latter method is 
receiving the ujost concentrated effort. 

Solid state circuitry . The use of semi-conductor 
solid state transistors and diodes has completely eliminated 
all electron tubes from computers. The AN/USQ 20 computer 
contains 3776 identically packaged printed circuit cards on 
which are attached the diodes and transistors which are com- 
pletely encapsulated, 'The computer consists of thirteen roll 
out drawers (called cookie sheets in computer lingo) that can 
be pulled out to expose the circuit cards. Each card contains 
a set of prong® which are inserted into female receptacles in 



t*-‘‘ ■■ - ** '»';u e i ~, £ t • {** -v circuit card it 

is only nec«s*- sty fc .■;■•* n i<w: O'iA’vi, i waove the Inoperative 
circuit cat d j irif-cjt i t*tv -ns and cl '«• • the drawer. The tran- 
sistors and diodes consume less power than vacuum tabes, so 
less heat is g*nes'«ted, They also have a longer lice then 
electron tabes and in face can't wt-et tot cr beta oat when 
properly applied. If there is a, failure, a brsi.lt in test de- 
vice will quickly reveal, the faulty circuit and it can be quick- 
ly replaced in the manner described above. 

Magnetic core memory . The use of Che magnetic core 
memory improves the reliability of the computer since it con- 
tains no moving parts. It also has increased the speed of 
confutation, decreased power requirements, and decreased the 
size of the computer. However, the use of cryogenic properties 
which will be discussed later. Indicate that even greater improve- 
ment may be expected of core memories,. 

Automat ion . Wherever possible, manufacturer’s are re- 
placing hunan hand© with machines in the manufacturing pro- 
cess in order to decrease the number of human errors and in- 
crease the reliability. During a visit to the International 
Business Machines Corporation plant at San Jose, California, 
the writer observed a computer controlled machine completely 
wiring the back panel ©£ a computer with thousands of hair- 
like wires. IBM representatives reported that not only were 



all errors eliminated, tot the connection* were better then 
those made by humans. Manufacturers have also 1 tap roved reliab- 
ility by employing welded or wrapped wire circuit connections 
rather than the normal soldered connections. 

Microsystem electronics . The history of microsystem 

electronic* may be traced through the following successive 

stages: miniaturization, aubminiaturiration, adcrominiatur- 

ization, thin- film Integrated circuits, semi-conductor inte- 

73 

grated circuits and finally functional blocks. Microsystem 
electronics is leading up to smaller and smaller electrical 
elements which can be integrated into a single chunk of mater- 
ial.^* Thus manufacturers have effectively reduced the number 
of parts by combining them into a single unit. Finally it is 
predicted that circuits will end up with a solid state material 
which performs in an identical manner with the circuit desired. 
Reliability will be increased because there will be fewer units 
and fewer connections between unit* that may fail. 

Two dimensional microminiaturization . Two dimensional 
microminiaturization seeks to eliminate thickness in the cir- 
cuit by forming the elements of a circuit directly upon a 

73pet«r B. Myers, "A Survey of Micro system Electronics," 
Proceedings of Western Joint Computer Conference , Vol. 19, 

Otoy 9-11, I $61) . p. 63. 

S. Kilby, "Interconnection Techniques for Semi 
Conductor Networks," Ibid , , p. 87. 
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• .tsifit' Thu* £t»u*. resistors and other 

tf-t .•■?£* *1 evig »ie*i their Interconnections, 

- ■ti». -ating wafer by thin- film de- 

1 ‘ j, fcc'MU., : fciK &s miration or sputtering. This 

,x \<t " * ^ 1 *h i, ]&,’£!« £. a considerable number of connections, 

t 5* . ? Ir ■...■ploying this type of thin-film circuitry 
v* its t v HCT computer and other manufacturers will soon 
. «■* ft alsv, 

ji - sir ' al«i-ctronirs » Molecular electronics is a 
r,*v concept aad is the ultimate in slapUcity of electronic 
c 'iii t*» Basically, molecular electronics integrates into 
a alft&le block of waters al the functions performed by many 
(’i^’r-r rk ci.'' -suits or even whole systems, This is accomp- 
li. > «4 h .v r-srraagir:* the internal physical properties of 
the ti4 in «u5h <a way that phenomena within or between 
d-ssAif-s of w* ■■locales will perform a function ordinarily a- 
rl i*v«»i th* uas of an assembly of electronic dr- 

's. '.tfo l' 1< - electronics is the e@st forward looking 
> the sewr-t *1 approaches to the development of small, re- 
Ji-abl.-, efirid tvv: electronic systems, and is unique in that 
it sill ?li fd'f.-ii e the traditional circuit components, Mole- 
c.'ile? elec ttcnlcs --ill not only improve reliability, but it 
will si® , rvr titm, weight and power requirements of com- 
ps:;-?' 1 :'. a*ili. farther, Tt will also make possible the 
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^ i vbicb ate new too eoiaplex to be econora- 

7h 

1 « ft. '«t - ve •. by conventional circuits, tfestinghouse 
riev ; rpvt'Ution is not/ developing a molecular computer 
sucfuwbwMt l 'MejU?> Cip»", which will weigh loss than 15 pounds 
& T - *py than one* third of a cubic foot of space. ^ 

A, jrised model of equal capability would weigh 175 

peu-s*:* &nl tike up three cubic feet of space. 



C'i y»jg t e?fica . Cryogenics utilizes the low temperature 
fcup-ercoisda-, fcive properties of matter that are displayed when 
fcaapsr&tjr-- ranges are maintained from -200 degrees F down 
to =415 degree® F. The cryogenic device with the most pfom- 
i*s la a switching device called the cryotron. Under the 
cryogenic concepts, the entire computer except the input and 
Cutpv't weald be a&ds up of cryotrons and would be kept under 
liquid helium refrigeration, The refrigeration of a computer 
world. not be a problem since modern cryogenic techniques 
have *houn that such systems can be made reliable over running 
pet i 5d ^ of a thousand hours or more. However, the refriger- 
ator 0 ® requirements would limit the smallest size of com- 
puter that could be manufactured. The advantage of cryogenics 



^’TnoLseula* EXeetronics-An Xntroduction-Westinghouse 
?i**etric Coroos .trim, !l Computers and Automation , Vol, II No. 
3, Hi»rc1bs 1962, p„ 10, 

^^’Ttestioshouse Developing Molecular Computer, " Armed 
Fort r® Ma-v-%»'gi9»y»f » Vol 1 Mo. 10, July 1961, p. 59. 
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1$ th&fc at these low temperatures, the molecules cease to nova 

and this results in abnormal resistance to wear or failure* 

It is interesting to note that those who have worked on the 

e?’yotron are m confident of its ultimate success, that a con* 

asiderable amount of work has already been devoted to the design 

of cryotron computer networks even before the full range of 

77 

cryotrons are available. 

On line servicing and alternate path techniques . Two 
other techniques that will be employed in the near future to 
increase reliability are on line servicing and alternate path 
techniques* The use of extensive on line testing end checking 
circuits will reveal malfunctioning circuits or even weak cir- 
cuits before they fail.^ This will allow replacement of weak 
circuit cards before the failure occurs. At the seme ties, 
progress is being made toward building computers that will ha 
able to select alternate paths in the event of malfunction of 
the circuit. Then at inspection periods the circuits may be 
tested and weak and inoperative circuit elements replaced* 

Redundancy . Under the redundancy principle a duplicate 

77j. M. Lock, "Towards Superconductive Computers, M 
Cry&genics * V©1* 2. No. 2, (December 1%1) [\ 65. 

7®kex Rice, "Computers of the Future," Proceedings 
of Eastern Joint C omputer Conference , Vol. 16, (Deceiver 

1-3 1959)7 
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system, equipment, component, circuit or element is provided 
in case of failure of the normal device. Redundancy of inter* 
nal circuit* and critical elements is not expensive and re- 
duces the probability of failure by the square of the original 
probability. For example, if the probability of failure of an 
equipment is .01, and if a redundant equipment is provided, 
the probability of failure is decreased to .01 x ,01 or .0001. 
Thus redundancy is an inexpensive method of sharply Increas- 
ing reliability. 

Unfortunately, the reliability of the peripheral equip- 
ment is not as high as that of the computer itself. One reason 
is that most of this equipment has high speed moving parts, 
some of which must constantly maintain very small clearances. 
However, these devices are no more complicated than other 
electronic, teletype or fire control equipments that have 
been aboard Navy ships for years. Thus, It can be expected 
that there would be more maintenance problems with the per- 
ipheral equipment than with the computers themselves, and 
ships would have to be provided with the repair parts and 
trained personnel to service the peripheral equipment. 

V. PROGRAMMING 

In order to obtain the optimum results from afloat 
electronic data processing, it would be necessary to stan- 
dardize operating procedures and programs for routine data 
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processing. Therefore, the development of all programs for 
shipboard 1 computer s would be accompli shed at the Fleet Cora- 
puter Programing Center, Pacific or the Fleet Computer Pro- 
gramming Center, Atlantic. All ships would thus operate under 
the sarnie programs. The respective Fleet Computer Programming 
Centers would initially furnish each ship with two copies of 
each program on magnetic tape. One set of tapes would be filed 
aboard ship, in the event the set of programs in use were dam- 
aged or inadvertently erased. In this case, another set of 
duplicate programs could be reproduced from the file copy. If, 
due to unusual circumstances, both copies of the program were 
lost, the ship could obtain copies of the programs from ships 
in company. 

It is to be noted that this system assumes that all 
ships would be equipped with compatible computers which had 
similar characteristics so that it would only be necessary 
to develop one set of programs. The importance of this assump- 
tion will be discussed in Chapter V. 

The Fleet Computer Programming Centers should be 
assigned the duty of not only initially developing the pro- 
grams, but constantly reviewing them, improving them and up- 
dating them &s necessary. These Centers should be furnished 
advance copies of all changes to procedures or regulations 
that would affect data processing for all departments of the 
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■ijhip, 'fua.i i* e "unifies could in^orporat* t!we< changes as 
necessary in the respective programs. All changes in mat- 
erial identification Media (stock number changes, price 
changes, etc.), corrections to charts and publications, 
field changes and siiiilar information should bo furnished to 
these Centers* in order that they could natch the change against 
the latest library tape from the ship. lls© Centers could then 
punch a tailored paper tape of all the changes that affect a 
certain ship and mail ths*so changes d ‘reedy to the ship. To 
effect the changes, the ship wculd werely use the tape as an 
input to its computer and all records would be updated simul- 
taneously. 

All programs written by the Center's **>uld be coordin- 
ated with the appropriate office and bureau to ensure that 
adequate audit trails were provided. However, to preclude 
defeat of the benefits of computers aboard ships by bureaus 
and offices which require unreasonable audit trails, it would 
be necessary that Havy wide requirements be established and 
promulgated by the Secretary of the U&vy. 

Although ships would not be permitted to write their 
own programs for routine data processing, they should have 
the capability to write their own progs: ams for tas2<s peculiar 
to or specifically desired by the cotsaand. Fleet schools at 
the Computer Programming Centers should be expanded to include 
several courses, including data processing, tactical and 
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scientific problem programming. The capacity of the schools 
would have to be increased in order to train as many fleet 

personnel as possible. 

Routine programming is a long and tedious task, but 
not a difficult one. In fact, the University of Maryland 
has trained twelve talented students from a nearby Washington, 

D. Co high school in programming the IBM 709 and 1620 computers. ^ 
However, since it is a long time consuming job most program- 
ming should be accomplished ashore. In this manner, one team 
of programmers could perform the task that would otherwise have 
to be. performed by a team of programmers on every ship. A book 
of optional skeleton programs, or program segments (sub- routines) 
could be furnished each ship and the afloat programmers could 
complete the program they desired by using the skeleton pro- 
gram and segments as guides. Thus, programming would not be a 
major obstacle in the path of afloat electronic data processing. 

V. PSYCHOLOGICAL CONSIDERATIONS 

The psychological considerations involved in install- 
ing electronic data processing aboard ship are extremely crit- 
ical and their importance should not be underestimated. Many 
of the so-called failures of computers to do the job that had 

"High School Students Learn Programming, " Data 
Processing , Vol« 3 No. 11, (November 1961), p. 64. 
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been planned for them was not the fault of the computer but 
of management and the personnel in the firm or activity. 

Human beings resist change, especially when the change involves 
a machine that can do their job better than they themselves can 
do it. It hurts their pride and they fear it will hurt their 
pocketbook. The Navy man is no exception. Accordingly, before 
any computer is placed aboard ship, the personnel concerned 
must be carefully conditioned for the event. Likewise, every 
officer in the Navy must be conditioned for the "computer age" 
if the Navy is to take full advantage of the advances in tech- 
nology which it must. 

When asked to investigate the feasibility of computers 
aboard ship, the writer scoffed at the very thought. Com- 
puters would never have a place aboard ship! However, it was 
not long after the writer started investigating the matter 
that he realized the almost unlimited possibilities of the 
computer and made a 180 degree about face. 

The writer wrote the Supply Office -*s of seventeen ships 
which had electric accounting machine equipment installed and 
asked for their ideas on electronic data processing afloat. 

All officers reported that the Supply Department had to have 
automatic data processing equipment of some sort to get the 
job done, but not one officer was enthused with the use of 
computers afloat and many were even skeptical of its value. 



IK 

lo tr.e c -w'+i- oi rot: 'vcf iiv, chi? ftrdy, the writ ex 
discussed ED? afloat with marv «f his contemporary officers. 
When i 'Red what their laea- were or* ED? afloat, they were 
taken vcop^telv by aurpri .*e ar.d indicated tb«t they had 
never t height abc ut it and. didn’t think it had any appli- 
cation. 



The editor of rrrrsJ Forces Management set forth the 
same feeling when he state! 

Their (Defense EDP people) chief complaint is that 
top management is still trapped in a sort of cultural 
lag over just what the computer can mean to an operation- - 
We can crank out the answers with very little trcuble- 
once management recognizes the problem is one a. com- 
puter can solve- -Many operations now on computers still 
have a series of duplicative manual operations hanging 
on their coattails apparently because the CO doesn't 
quite believe his new toy can do che job o ^0 

This same story is echoed again in a recent article 
in the U« S, New? and World Report which stated 

In the Pentagon and in the field, it is claimed, in- 
fluence ever big decisions on U. S. defense is now 
passing away from military men into the hands of a 
"scientific elite." 

These scientists as seen in action are armed with 
high speed computers, versed in qualitative analysis 
and in their own view, almost alone able to cope with the 
complexities cf modern war and weapons. 

Military rear accept the need (for computers) yet con- 
cern is heard that a*? machines continue to take over, 
some traditional function, 1 - of command are passing to 



Boxklund, "The Price of Progress," Arme d Forces 
Managemen t , Vol. 1 No. 10, (July 1961), p, 5. 
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the scientist-. Soue military nun claim t h .- y arc bein', 
pat in ’’copjpului, strait jackets"’.' ^ 

These statements corroborate the writer's findings 
that there is a severe "computer culture vacuum* within the 
Navy which must be quickly filled if the naval officer is to 
maintain his authority to manage and command. This problem 
is not unique to the Navy. Industry has faced the same grav- 
ing pains problem but was quick to recognize it and seek a 
cure, <Jhen the Richfield Oil Company in Richmond, Californio 
recently installed a computer on which to simulate the com- 
plete company operation, they sent all of the company's top 
management including the President and all Vice Presidents 
to a two weeks indoctrination school at the International 

82 

Business Machines Incorporated plant at San Jose, California. 
This was followed by indoctrination school for middle man- 
agement. This training laid the groundwork for further train- 
ing of management at the plant and the vigorous and contin- 
uous training and indoctrination of subordinates by ranage- 
ment. Most industries have found it necessary to take this 
approach since lack of understanding by management will often 
nullify any benefits to be obtained from computers. 

^ :, Will Computers Run Wars of the Future, “' U. S. News 
and World Report , Vol. LII No. 17, (April 23, 1961), pp, 44-46. 

J. Doubt in a speech at IBM plant San Jose, 
California, March 23, 1962. 
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The naval officer or the petty officer with fifteen 
or twenty years service has lived a life steeped with tra- 
dition, symbolism and pride in the history of the Navy. 

Likewise, naval personnel have been trained over the years 
to follow a prescribed routine and to react uniformly to sim- 
ilar situations. However, these traits which were held in 
so high esteem have also fostered a severe resistance to change 
in the average Navy roan. Consequently, it will not be an easy 
task to sell electronic data processing to the sailor. 

The Navy, like industry, must start this change to a 
new Navy from the top. When the airplane proved that it had 
a place in the Navy, many flag officers and senior officers 
entered flight training and earned their "wings of gold .' 1 
Now that the computer and management science are establish- 
ing themselves in the Navy, the same procedure must be adopted. 
Flag and senior officers must be indoctrinated and convinced 
of the ability of the computer and they in turn must convince 
their subordinates that if the Navy is to maintain its reputation 
it must adapt itself to the roost advanced sciertific techniques. 
In this connection, naval personnel must be convinced that com- 
puters will become the tools of all naval personnel, just as 
fire control computers became the tool of the gunners. They 
must be convinced that computer knowledge can not be left to 
a special few, and that all personnel must know how to use 
computers in their daily work if they are to be successful 
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managers and leaders. 

It oust be concluded that there is at present a severe 
"computer culture vacuum" in the Navy, which oust be filled if 
computers are to be used successfully aboard ship. The quick- 
est and most efficient way to correct this serious shortcoming 
is to indoctrinate the senior officers first and let the cul- 
ture run downhill as rapidly as possible. 

VI. TRAINING CONSIDERATIONS 

The Navy's efforts in training its personnel in the 
use of computers has not kept pace with the technological pro- 
gress in the manufacture of the product. This has also been 
true of industry, and today both industry and the Navy oust 
quicken the training pace appreciably if they are to properly 
utilize the tools being made available. It has been estimated 
by the Association of Computing Machinery that 200,000 pro- 
grammers alone will be required in the next decade to meet 
the demands of business, industry, government and research.®^ 

Training can be divided into three technical degrees; 
namely, familiarization, operational and technical, and into 
four classes of trainees; namely, flag and senior officers, 
junior officers, midshipmen in training for cormissions and 

®^"High School Students Learn Programming," Data 
Processing , Vol 3 No. 11, (November 1961), p. 64. 
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enlisted personnel. Obviously, every officer doesn't have to 
have a lister's degree or have the technical knowledge of the 
internal mechanisms of a computer, but some should. Likewise, 
souse medical officers should only be familiar with the com- 
puter and not be involved in its operational use, while others 
should be technically qualified. Accordingly, the Navy should 
aim at familiarizing 100% of all personnel, training 75%-85% 
of all personnel in the operation of computers, and from 10%-20% 
of its personnel should receive technical training at the post- 
graduate level. 

The training program should be very carefully coordin- 
ated to insure that the objective is accomplished, without 
leaving a "bitter taste" in a person’s mouth. Personnel must 
be vxm to the new Navy and the new way of doing things, or 
else the Navy will receive serious setbacks. 

The training program should start at the top with the 
flag and senior officers being offered indoctrination courses 
commensurate with their rank and experience. Then the junior 
officers should be subjected to a more rigorous training which 
would be conducted at fleet training activities and at the 
postgraduate level. Meanwhile, the present schools for en- 
listed personnel should be expanded and carefully prepared 
shipboard training programs instituted. Senior officers should 
be encouraged to stress the new sciences to their juniors and 
the division officer to his division. 



Tht ra-.oi s: ai-J- curriculum for Midshipmen should also be 

reviewed to etisui'e tW>t future officers become proficient in 

the disciplines and tools that they will be using in the 

fleet. It is noted that the U. S. Naval Academy offers courses 

in Digital Computers, Analog Computers, Matrix Theory and Pro- 
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bability and Statistics. However, these are elective courses 
and not required courses. This would indicate that the U. S. 
Naval Academy curriculum should be reviewed in an attempt to 
give the Midshipmen more training in the computer and manage- 
ment science area. NROTC Midshipmen should also be required 
to take similar courses if they are offered at the university 
or college they are attending. 

In conclusion, the present state of training would 
barely sustain the scheduled influx of computers into the 
fleet today. Immediate action to expedite the training of 
personnel would have to be taken if the present installation 
schedule were accelerated, 

VII. PERSONNEL CONSIDERATIONS 

The Navy of the future will require fewer but more 
highly trained personnel. Computers and automation in the 
naval vessel are imminent. Imagine the impact on the 



^Catalogue of the Course of Instruction at the 
U. S, Naval Academy , 1960=61, p. 28, 29. 
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imtaaarinH? if Project Jubic prvvas successful in reducing the 

crev? of An atomic powered submarine f rou 100 to 12 men . ^ ^ 

Even the surface ship sailor is not secure, for Project Sur’c 

is aimed at AutOKKating a destroyer escort and drastically 

86 

reducing crev requirements for destroyer type vessels. 

Assuming these projects prove successful (and there is no rea- 
son to doubt that they shouldn't, since computers are con- 
trolling complete factory processes ashore) the reduction in 
personnel requirements of the Navy will gradually approach the 
fifty per cent mark. So the introduction of the computers a- 
board ship will hove very serious personnel implications. 

A very real personnel problem that must be faced now 
is the upgrading of the average intelligence of naval per- 
sonnel in order to preclude excessive personnel turnover later. 

The Navy has already experienced this problem with the elec- 
tronics technician and the maintenance of electronic equipments. 

Rear Admiral Fahy, Chief of the Bureau of Ships, recently re- 
ported that the skill levels and the numbers of electronic 
technicians available are not adequate for the maintenance of 
many equipments.^ 7 Rather than maintenance, the new problem 

^'•project Subic, T! Naval Research Reviews , August 1959, p. 3. 
®^"Fr©ject Satie. ” Naval Research Reviews , October 1960, 

p. 6. 

87 Rear Admiral E, J. Fahy, DSN in a speech at the U. S. 

Naval Postgraduate School, Monterey, California, May 2, 1962. 



will be training people in computer technology and keeping 
them in the service s For as the computer assumes the routine 
clerical job of an individual, the latter will have to be 
trained in more sophisticated and intellectual tasks. If the 
replaced person does not have the intelligence or background 
to acquire these new skills, he will have to be released and 
replaced by a person who has the necessary requisites. Mean- 
while, industry will be experiencing the same shortage so that 
any person who becomes highly trained in computer technology 
will be in great demand in industry as well as the Navy. 
Accordingly, appreciable additional monetary compensation will 
have to be offered personnel in order to retain their services 
in the military service. 

The introduction of the computer aboard ship will start 
a trend toward automation which will have severe implications. 
While the problem is not insurmountable it is one that must 
be faced now and faced squarely. A plan nu3t be developed to 
reassure personnel concerned that their livelihood and future 
is not at stake* If the impact of computers is to be min- 
imized this plan rmst be far reaching and it must start now. 

It must provide for the upgrading of the average intelligence 
of naval personnel, it must consider reduction of personnel 
by attrition and early retirement, it must anticipate changes 
in organization and rank and rating structure, and it must 
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to obtain maximum beneri ts from the 



computer* This would require changes* in both the ashore and 
afloat organisation 

A s hore , Option efficiency would be realised from an 
electronic data processing system only when as many different 
procedures and systems as possible v/ere integrated and stand- 
ardised into one standard procedure. Any exception to a stand- 
ard routine would require a separate computer program x*ith the 
concomitant inefficiency of separate computer runs and mrc 
computer time. Consequofitly* procedures peculiar to one manage 
meni bureau such as methods of issuing changes to publications, 
methods of promulgating changes to installed equipments, pro* 
cedures for maintaining machinery and equipment histories, 
method# of reporting casualties to equipments and methods of 
providing repair part support to equipments would have to be 
standardised for all equipments, ships and bureaus. Ibis would 
require coordination of all the management bureaus and possible 
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reorganisation of *• me saor^ activities. 

Afloot . An <u g?rai sation iwst bo designed to accomplish 
efficiently the work that s&sst be performed, The present ship- 
board organization is based on the Administrative workload of 
the various departments and, by and large, the separation of 
the ship into ad^lnist * stive departments is required to pro- 
vide proper supervision of groups of persons performing differ- 
ent tasks. When the duties of the individual departments are 
changed, the organization east be changed to reflect the new 
requirements of each department. 

If a computer and an EDP system were installed aboard 
ship, the shipboard organization should be changed if the ship 
wexe to derive the maximum benefits from the computer. This 
new organization should take into consideration that the data 
processing group would cross all departmental lines, that it 
would provide services to all departments and that it should 
have the organizational strength to make decisions or com- 
promises as to which task for which department would receive 
priority. These criteria would of necessity make it desir- 
able organizational-wise to have the data processing group as 
ixear to the coexaand ar* possible, in a staff position and above 
the normal line of department heads. 

The officer designated to head the data processing depart- 
ment should be one who is isost familiar with the processing of 



large mounts of dates, and he should also be one who Is exper- 
ienced in heading up a service or staff activity that is al- 
ready engaged in rendering services across departmental lines. 
Since the data processing center will be working at least six- 
teen hours a day, the head of the data processing department 
should be available at any hour of the day and should therefore 
not be required to stand regular underway and in- port watches. 
On nost ships, the tactical data system will require 
nil the time of the Operations Officer, while the Gunnery 
Officer and Engineering Officer will be preoccupied with the 
computers and equipments associated with their respective 
departments. Accordingly, the Supply Officer would be the 
only department head available to heed up the data processing 
group. This designation would not prove incompatible with the 
requirements set forth in paragraph three above, and the Supply 
Officer would «*..• a logical choice when it is considered that 
the vast bulk of the data processing shipboard workload would 
be supply and personnel actions with which he is already quite 
familiar. The designation of the Supply Officer as head of 
the data processing department would also be in consonance 
with the practice in industry where it has been determined 
by vi?;pwrifnce that die r^'St logical location for the data 
processing center is in the finance area under the controller 
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or chief accountant.®** 

To fully utilize EDP afloat all data processing would 
he integrated and all duplication of effort should be eliti- 
inated. For example, if a nan reports aboard ship for duty, 
one input should be made into the computer and this one en- 
try would update all ship's records simultaneously including 
personnel records, medical records, pay records, division 
records, liberty lists, and watch quarter and station bill. 

If a part is drawn from the storeroom to repair a particular 
equipment, one entry into the data processing system must 
update the stock records, record the expenditure to the 
departmental budget, the ship's OPIAR, the maintenance his- 
tory of the equipment concerned, charge the work to the re- 
cord of the person making the repair and reorder the port 
as necessary. 

Therefore, if a computer were installed aboard ship 
for EDP purposes and it was desired to obtain optimum use of 
the computer, the present shipboard organization should be 
changed to reflect the integration effected. This new organ- 
ization would place the Supply Officer as head of a depart- 
ment that should be colled the Logistics and Services Department. 

wainright Martin, Jr. , Electronic Data Processing 
(Homewood: Richard D. Irwin Inc., 1961), p. 345. Stanford L. 
Optncr, Systems Analysis for Business Managetaent (Englewood 
Cliff: Prentice-Hall Inc., 1960), p. 602. 
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Thi'* department would be placed in a static position report- 
ing to the Executive Officer* The Logistics and Services 
Department would control all those persons offering services 
to other departments. These services would Include the follow- 
ing: 

a) Logistic support in general 

b) Technical repair parts support 

c) General stores support 

(!) Commissary 

e) Ship's Stove and Clothing and Small Stores 

r) Disbursing 

g) Personnel 

h) Kail and routing 

i) LDP 

At first glance it would appear that the Logictic and 
Services Department would be a large and unwieldy group. How- 
ever, it must be remembered that after the computer is in- 
stalled and functioning properly, the allowance structure of 
this department could be reduced by approximately two thirds. 

The Logistics and Services Officer would be respon- 
sible for all supply support of the ship including ammunition 
and medical supplies. This would require certain medical, 
engineering, electronic repair and gunnery personnel to be 
assigned to the Logistics and Services Department for mainte- 
nance of their respective storeroom and liaison with their 
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IX. SUMMARY 

It must be concluded that a computer and the attend- 
ant peripheral equipment can be accocuodated aboard ship 
providing certain changes and advance preparations are made. 
Size, weight, maintenance and programming would create no 
problems. It would be necessary to air condition the com- 
puter center and it would be necessary to establish con- 
centrated electronic data processing system training courses 
ashore. 

In order to obtain optimal efficiency from the afloat 
electronic data processing system it would be necessary to 
change the current shipboard organization and place all per- 
sonnel rendering services to other departments in the Log- 
istics and Services Department. This department would func- 
tion in a true staff concept and report to the Executive 
Officer. 

The maximum cost of the complete installation would 
not exceed three hundred thousand dollars. In most ship 
types, the savings resulting from the reduction of personnel 
allowances as a result of the installation of EDP would more 
than cover these costs. However, the actual overall benefits 
to the Navy that would be achieved by installing EDP afloat 
would dwarf the actual cost of installation and the subsequent 
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cose of operation. 

Thu greatest dote rants to the installation of EDP 
afloat are the psychological and personnel considerations. 

The fleet is not conditioned to the computer. The indoc- 
trination and education of naval personnel in the computer 
and its applications has not kept pace with the advances in 
technology and hardware. Accordingly, a severe "computer 
culture vacuum" has been permitted to form. This is the 
most serious obstacle to the success of EDP afloat. 

While there are some obstacles to be hurdled and 
cone changes and advance preparations to be made, these are 
not insurmountable problens. Since these probleras will have 
to be addressed and resolved in the course of the installation 
of the NTDS in all major combatant ships, there is no reason 
why electronic data processing can not be accommodated aboard 
ship. 



CHAPTER V 



SELECTION OF THE COMPUTER 

The selection of a computer and the associated per- 
ipheral eruipmenc is an important and critical decision. 

This selection s;<ust be based on three criteria of equal im- 
portance. These are: 

a) Will it efficiently accomplish the required ship- 
board data processing tasks? 

b) Is it compatible with and are its characteristics 
similar to other shipboard computers? 

c) Is it compatible with the computer networks with 
which it will be required to communicate, and is it compat- 
ible with the communication links to these networks? 

The effect of each of these criteria on the selection of 
a computer and its peripheral equipment is discussed in the 
following paragraphs. 

I. REQUIREMENTS FOR EFFICIENT SHIPBOARD 
DATA PROCESSING 

A computer installed aboard ship for data processing 
purposes must be capable of performing a wide variety of 
tasks. The bulk of these tasks is as sophisticated or even 
more sophisticated than similar processes in industry. 
Accordingly, particular care must be exercised to select the 
computer that will perforin all these requirements in the 
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most efficient warmer possible. The roost important character* 
istics of the desirable computer are discussed in the following 
paragraphs. 



General characteristics . The computer selected for 
shipboard d-ats processing should be a rugged, compact, small 
or medium size, extremely flexible, general purpose digital 
computer capable of real time operation. It should have its 
own self contained air condi tloning or not require air con* 
ditionirg so that continued operation of the computer is poss- 
ible in the event of the failure of the shipboard air con- 
ditioning system. The computer should be designed and con- 
structed on the basis of military specifications and of 
structural rigidity and appropriate shock mountings so as to 
withstand shipboard environment, including shock, vibration, 
dampness and rolling and pitching motion. 

Word length . Since the word length of the computer 
determines the size of the number that may be stored in one 
memory cell and manipulated within the computer, it is essen- 
tial that the word length be great enough to accommodate the 
majority of the data which will be processed. In many in- 
stances, the computer would have to manipulate stock numbers, 
service members and file numbers all of which are composed of 
seven to ten digit**. It will also be necessary to manipulate 
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dollar amounts <58 high as one million, Consequently, it is 
cditoutisl that thv. > Oiiyu Let have a sninli&UTn word length of 
eve, dig- it c v ho capable j£ handling variable word lengths. 

The computer should also provide for operation with half 
words of five digits if variable word length is not possible , 
These word lengths would provide the coast efficient data process- 
ing and would also provide for optimum utilization of core stor- 
age space. 



Registers . Computers using registers should be provided 
with two arithmetic registers (Accumulator and Q register) with 
a capacity of ten digits sc that numbers as large as 9,999,999.99 
could be easily manipulated. The computer should also contain 
at least four index registers to provide for address modification. 

Internal storage . The internal storage should be of the 
core storage or thin -film type and should provide a storage 
capacity of 32,768 ten digit words. This storage capacity is 
necessary in order to store the sophisticated programs re- 
quired in shipboard data processing. Any lesser amount of 
storage capacity would require splitting the programs into two 
parts and making two computer runs for each transaction, or 
sorting transactions into specific transaction categories be- 
fore processing them. Its either case, computer time would be 
doubled. This minimum storage requirement is substantiated 



132 



by the fact that the general stores and repair parts pro- 
gram now being evaluated aboard ship using the AH/USQ 20 

QQ 

computer contain over 30,000 ten digit words. 

In addition, a small auxiliary internal memory of six- 
teen to thirty two words should be provided to permit storing 
of certain important instructions or constants to facilitate 
rapid changes in the program and to facilitate program re- 
covery as necessary. 

Operating instructions . The computer should contain 
a repertoire of instructions that will provide all the normal 
arithmetic operations and in addition have the capability of 
address modification, program branching, masking, loop control, 
search operations, fixed point and floating point arithmetic. 
The basic instructions should number in the vicinity of fifty 
and should make programming as 3imple as possible. 

Input, output channels . The shipboard computer should 
have a minimum of four buffered input and four buffered output 
channels for use with peripheral equipment. In addition, it 
should have two asynchronous input and output channels to be 
used in communicating with other computers. 

The computer should be capable of utilizing magnetic 

®^George S, Pope Jr,, LCDR SC USH, in personal letter 
of 16 February 1962. 



133 



tape, five channel punched tape, and console typewriter as 
input, output methods. It should also be capable of commun- 
icating real tine with other shipboard computers and should be 
equipped with appropriate interrupt features, 

Maintenance and reliability . The computer should be 
designed to facilitate maintenance and insure reliability 
and peak operating performance. It should be simple to oper- 
ate and provide rapid access to all portions of the computer. 
Circuitry should be completely solid state with an internal 
checking device and plug in circuit cards which would permit 
rapid replacement of defective circuits. 

External auxiliary storage . External auxiliary stor- 
age for the shipboard electronic data processing system 
should be limited to magnetic tape or magnetic cards. Magnetic 
tape units would be required os a program input device so it 
vfould save space and funds to also use them for auxiliary stor- 
age. In addition, magnetic tape or cards are desirable be- 
cause they provide the capability of having duplicate back-up 
tapes on the ship and facilitate furnishing duplicate master 
tapes to the Fleet Computer Programing Centers at San Diego, 
California and Norfolk, Virginia. 

The magnetic card system similar to the National Cash 
Register Card Random Access Memory (CRAM) System is superior 
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to the red tape system. The Tomer provides random access 
to the records thus increasing the speed of operation and it 
also eliminates the problems involved in having more data to 
put in a storage block than available blank space in that 

block. 

Each card has seven tracks of magnetic tape and each 

90 

track has a capacity of 3100 alphanumeric characters. 

There are 256 cards in the cartridge in each card handler. 

Since the average word length is less than five letters, each 

track on the card has a capacity of 620 words, each card has 

a capacity of 4340 words and each cartridge has a capacity of 

91 

over one million one hundred words. 

Accordingly, under the integrated system and using 
magnetic tape cards, one track containing 620 words could be 
assigned to each equipment history record and the master in- 
ventory record of each fast moving item. One card containing 
4340 five digit words could be assigned to every two individ- 
uals. This card would contain the complete history of the 
Individuals including personnel record, leave record, pay re- 
cord, training record, and duty assignments. 

90 ,f Card Random Access Memory File 353-1," NCR 304, 315 
and 390 Electronic Data Processing Systems Authorized Federal 
Supply Schedule , p. 19, 

^Edward M. McCormick, Digital Computer primer , (New 
York: McCraw Hill Company, 1959), p. 192. 
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II. 

Tlss’ 



UV\TI3ILIVY >,T/u OTHg.l SUIFSOnSD COMPUTES 



computer that is selected for installation in 



ships must not only he compatible with other computers on 
that particular ship, hut it must also be compatible- with 
the computers in the entire fleet as a system. That is, the 
output of one computer should be capable of being used as an 
input of all others without any conversion from one torn to 
another , 



Even move important than compatibility per se is the 
fact that certain characteristics of the computer a must be 
similar if maximum gains are to be realized by the computer 
installations. If computers with different word lengths, 
different instruction repertoires, different numbers of in- 
dex registers, different size arithmetic registers and other 
discenformities, were installed in the ships, a great amount 
of work and effort would be duplicated. For example, differ- 
ent characteristics such ns those enumerated above would re- 
quire that a different program be written for each procedure 
for each type computer. An alternative would be to write one 
program that, only utilizes the minimum characteristic capabil- 
ities of the different computers. This is also unsatisfactory 
since it does not taka full advantage of the capabilities of 
the individual computers. 



136 



Likewise, different types of computers would require 
different repair part support, would require personnel to be 
trained to maintain and operate several systems rather than 
one, and would make standardization of procedures impossible. 

Obviously, if shipboard systems and procedures were to 
be standardized so must the computers which must process the 
data in accordance with these systems and procedures. Further- 
more, if dissimilar computers were, installed in the ships, 
this would eliminate any anticipated savings since the paper- 
work generated by the different type computers would become 
more than that eliminated. Therefore, if maximum benefits are 
to be obtained from electronic data processing, the ultimate 
goal must envision computers installed on all ships that are 
not only compatible but that also have similar programming 
characteristics. 



III. SYSTEM COMPATIBILITY 

The shipboard computer must also bo compatible with 
the computers ashore with which it will bo linked and the 
communication nets that will link these computers to the ashore 
network. When operating at sea all reports or requests for 
material that can not be held until return to port will usually 
be transmitted by radio teletype, which utilizes five channel 
coded paper tape as an input and output media. Likewise, when 
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phone or <iftliv«j.-.,1 r > a dc si'natcC shots? Activity for trans- 
mission to the #4dr*««#« ?.y th« fcirpld Data Ttansmlasion Sys- 
tem, This service 4l<so utilises five channel coded paper cape 
for input and output medio* Accordingly, the computer in- 
stalled aboard ship for electronic data processing must bo 
capable of using five channel tope os an Input and output 
device as long as the communication systems utilize five channel 
tape. 

The shipboard system should also have the capability of 
utilizing punched cards as an input and output medium. How- 
ever, under the proposed system, a tape to card and card to 
tape converter would be provided that would convert, off line, 
the five channel tape to cards and vice verse. Consequently 
the computer itself need not have this capability. 

TV. AVAILABLE COMMERCIAL COMPUTERS 

The writer solicited information and technical data 
from eighteen U. S. manufacturers of digital computers and 
investigated all commercial computers on the market. While 
many of these computers fulfilled many of the minimum require- 
ments set forth earlier, not one of the computers met all the 
necessary requirements for an efficient shipboard data pro- 
cessing computer. Tn fact, it is noted that even the AN/USQ 20 
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now being installed aboard navel vessels as part of the NTDS 
has a characteristic tl-«c is a serious obstacle to an inte- 
grated data processing system. This is the fact that the 
AH/USQ 20 utilizes six channel paper tape for input and output 
which makes it incompatible with the ship's radio teletype and 
RDTS. It Is also noted Lhat the AM/UYK-I, another computer be- 
ing installed ir* naval vessels, has the following deficiencies: 

1. The word length of the arithmetic register is only five 
digits. 

2. The internal core storage has a capacity of 32,763 five 
digit words which is only half of the required storage capacity. 

V. COMPUTER PROCUREMENT 

It was pointed out earlier that any computer install- 
ation roust be planned on a system wide concept. In the case 
of ships, where programs and procedures must be standardized, 
this total system concept is even more important. 

The AN/USQ 20 computer is now installed on five ships 
of the fleet, and it is scheduled for installation on all 
major combatant ships of the size of the DLG and up. Supply 
Department data processing programs have already been written, 
debugged and placed in operation using this computer. There- 
fore, it is certain that it can do the job. This computer 
is the heart of the NTDS system, and if it is inoperative the 
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whole* system in inoperative. Sinew so ouch reliance is placed 
on this system, it appears unduly ti&V.y to have only one com- 
putes installed on soae ships and on ocher ships to have then 
all located in one area where they all might be made inoper- 
ative by a single casualty. There need be m> concern over the 
reliability of the computer itself, but other conditions such 
os battle damage, fire, storm, flooding, or cable damage could 
make the computer or computers inoperative and thus put the 
NTD3 system out of operation. Accordingly, it is recommended 
that on ships with multiple AH/USQ 20 installations, one com- 
puter be located in the Data Processing Center which would be 
physically separated from the other computers, and in the case 
of single AN/USQ 20 Installations, a second computer be installed 
and located in a Data Processing Center which would be physi- 
cally separated from the other computer. In all cases, the 
AN/U3Q 20 in the Data Processing Center would be tied into the 
NTDS system with the capability of automatically interrupting 
any operation in process in the Data Processing Center. 

The advantages of this system are many. 

1, A back-up computer would always be available rot the 
NTDS system. 

2. Since only one model computer would be aboard ship 
rather than two 

a) repair part support would be minimized. 

b) training requirements would be minimized. 
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c) programming and procedure coses would be 
minimized . 

3, Standardized system and procedures would be poss- 
ible. 

It is strongly recotmended, however, that a study be 
conducted to determine the feasibility of converting the 
AN/USQ 20 from a six channel paper tape system to a five 
channel paper tape system. If the conversion is not feas- 
ible, six channel tape would have to be conve) ted to five 
channel tape and vice versa by an off line process. Commer- 
cial tape to tape translators are available. 

Since no entirely suitable computer is available com- 
mercially, It is recommended that a computer built to Navy 
specifications be procured for those ships without an NTDS 
system and for those ships with an NTDS system but for 
which it is considered impractical to install the AN/USQ 20 
computer for data processing. The specifications for this 
computer would include the minimum characteristics cited 
earlier and should ensure that general procedures and pro- 
grams that apply to the AN/USQ 20 also apply to the new 
computer. 



VI. murUEilAL EQUIPMENT 
Hie following peripheral equipment all of which is 



available commercially would be required: 
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ft) Okie paper tope Xead-punca unit 

b) X'.o tved-t rite magnetic s ape unit®. 

c) Two Flexo writers, 

d) One. off line tape to card, card to tape convex ter. 

A high speed printer is not essential to the system, 

but would be desirable. These are also available conrae re .tally, 

Thera is still one weak link in the shipboard data pro- 
cessing system. This is the fact that rani data trust still b« 
transferred to mac hi unable format by humans and thus human 
errors are bound to creep into the system. Consequently, 
there is on urgent need for a low cost optical character 
reader that will take data from the raw document and auto- 
matically enter it into the computer or at least transform 
it to machineable format. The writer solicited information 
from several computer and office equipment manufacturers as 
to whether any such device was near the production stage, but 
all were noncommittal. The various trade journals also stress 
the need for such a device and it is just a matter of time be- 
fore a reasonably priced optical character reader will be 
placed on the market. At that time it too should be added to 
the shipboard peripheral equipment. 

VII. SUMMARY 

A computer that meets all the mi a ixaum requirements for 
an optimum shipboard data processing system is not available 
commercially at this time. It is recogaiended, however, that 
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or ships with multiple AN/USQ 20 installations, one computer 
be relocated to the Data Processing Center. On ships with 
only a single AN/USQ 20 computer, It is recommended that a 
second computer be installed as back up for the primary NTDS 
computer and for data processing. In both cases, the Data 
Processing Center would be physically removed from the pre- 
sent NTDS installation to provide emergency service in the 
event of battle damage or other casuality to the primary 
AN/USQ 20 computer or computers. 

For ships without an NTDS computer system, it is rec- 
ommended that computers be procured on a contract basis in 
accordance with specifications provided by the Navy. These 
specifications would include the minimum characteristics cited 
earlier and should ensure that the general procedures and pro- 
grams that apply to the AN/USQ 20 also apply to the new com- 
puter. 

The following peripheral equipment which is available 
commercially would have to be provided each ship. 

a) One paper tape read-punch unit. 

b) Two magnetic tape units. 

c) Two Flexowriters. 

d) One tape to card and card to tape converter. 



CHAPTER VI 



SUMMARY AKj) CONCLUSIONS 

I. SUMMARY 

The effects of the current technological revolution, 
the efforts of the Department of Defense to integrate the 
stocks of material of the four services, the current oper- 
ations of the fleet under accentuated readiness conditions, 
the new techniques of management science and the increased 
workload of the shipboard Supply Department have made it 
essential that all departments of the ship and particularly 
the Supply Department, be provided with the necessary tools 
to allow them to perform their assigned missions efficiently. 
Reduced preparedness and military capability will result unless 
a solution is provided for the ever increasing shipboard work- 
load problem. As automatic systems are added to the ships, 
the crews will be reduced but the paper work will keep mount- 
ing. This will place the shipboard manager in an untenable 
squeeze between a rapidly increasing work load and decreasing 
numbers of personnel to process it. 

Industry and the military services ashore are using 
the computer and electronic data processing to solve the in- 
creasing paperwork problem. The Army and the Ait Force are 
providing computers to perform electronic data processing in 
the field but the ships are still using the tools of World 
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War I, the adding machine ami typin'! ter. 

A review of the current shipboard data processing work- 
load and the capabilities of existing computers indicates that 
at least 757. of the paperwork could be accomplished by elec- 
tronic data processing. Not only would the computer permit 
the ship to process data more accurately and more quickly, but 
it would allow it to perform tasks that were impossible under 
a manual system. 

The review also revealed that to obtain maximum econ- 
omy and efficiency, the shipboard data processing system must 
be designed on a Navy wide basis and must be an integrated 
system that crosses management bureau and shipboard depart- 
mental organizational lines of authority. While the ashore 
activities appear to be developing EDP on a Navy wide basis, 
the ship has been the forgotten link in the chain. 

The computer and its peripheral equipment can be 
accommodated aboard ship providing certain advance prepar- 
ations are rade. The size, weight, maintenance and pro- 
graming of the computer would impose no problems. It would 
he necessary to air condition the computer center, and it 
would be necessary to establish additional EOP training 
courses ashore. 

In order to obtain optimal efficiency from the afloat 
electronic data processing system, it would be necessary to 
change the current shipboard organization and place all 
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personnel r®n«I»*i ir-j survice-s to otrhw depsttutuiits under the 
Logistics and Services Depar tment which could be headed by the 

Supply Officer o This department would function in the true 
staff concept and report directly to the Executive Officer, 
Under the "program package" budget concept, operating 
as well as installation costs must be considered in any budget 
item. The maximum cost of the complete shipboard EDP install- 
ation would not exceed three hundred thousand dollars per 
ship. In most ship types, the savings resulting from the 
reduction of the personnel allowances as the result of the 
EDP system would more than cover these costs. The greatest 
portion of the annual operating costs, personnel, have al- 
ready been taken into consideration under installation costs, 
when the savings to bo realized for each person removed from 
the shipboard allowance was reduced by one third. This was 
based on industry experience that for every three persons 
replaced by EDP, one person must be hired to operate or support 
the equipment. The remaining annual operating costs would be 
more than recouped by the indirect savings to be realized 
by installing EDP afloat including the decrease in pipe- 
line personnel and material, decrease in workload of shore 
activities, reduction in afloat file storage space and office 
equipment and improved inventory control. However, cost it- 
self should not be the only criterion. EDP afloat should not 
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In order c o K<M»liz« optimum 'efficiency, computers in- 
stalled aboard ship for data processing must be compatible with 
other shipboard composers in the fleet, computers ashore with 
which the shipboard computer will eomamicate and the eorrmun- 
ication systems comr-iecting these computers, Even nute impor- 
tant, shipboard cosapyEors must have similar programming and 
operating characteristics in order to eliminate the need for 
duplicate programs , duplicate maintenance procedures, dupli- 
cate training effort and duplicate operating procedures. 

There is no computer available coisctercially that will 
fulfill all the characteristics required of a shipboard com- 
puter in order to obtain the most efficient data processing 
system. A recommended solution in the case of ships with the 
NTibS installation is as follows: 

a) In case of the multiple installation of AN/USQ 20 
computers, relocate one computer to the Data Processing 
Center. 

b) In the case of the single AK/USQ 20 installation, 
install a second AN/USQ 20 cor.iputer in the Data Processing 



Center. 
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Ibis recommendation has the advantages of ensuring a back up 
computer for the NTDS system and ensuring that similar com- 
puters are installed on most ships thus permitting maximum 
efficiency and economy. 

In the event that this recommendation is unacceptable 
and for ships without an NTDS installation, computers con- 
forming to Navy specifications as to construction and char- 
acteristics should be procured on a contract basis. The char- 
acteristics should comply with the minimums set forth in 
Chapter V and operating procedures should be similar to those 
of the AN/USQ 20. 

The greatest deferents to the installation of EDP 
afloat are psychological and personnel considerations. The 
fleet is not conditioned to the computer. The indoctrination 
and education of naval personnel in the computer and its 
application has not kept pace with the advances in technol- 
ogy and hardware. Accordingly, a severe "computer culture 
vacuum" has been permitted to form. This is the greatest 
obstacle to the success of EDP afloat. 

II. CONCLUSION 

Shipboard EDP is economically and organizationally 
feasible and will enhance the readiness position of the fleet. 
While there are some obstacles to be hurdled and some changes 
and advance preparations to be made, they are not insurmountable 
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prohibits, lls, zt>*i pr»M*‘'.% -ill have £ e 1 e addressed and 

resolved In the course **t rhe installation o£ the KIDS in oil 
major combatant snips. 



III. IMPLICATIONS 

Thera appears to Le a growing tr»i>d to Install on 
ships, different type computers for various purposes without 
regard to standardization of characteristics, maintenance or 
operating procedures. Although the computers might be used for 
fire control purposes, navigation, tactical data systems, com- 
mand and control systems, they all work on the sane principle 
and they all require programming, maintenance, training of 
personnel and standard operating procedures. Appreciable econ- 
omies could be realized by standardization wherever possible. 

If the reader will review Chapter II or browse through 
any of the data processing or computer trade journals, it will 
become quite obvious that the question of whether ED? will find 
a place in the shipboard organization has already been answered. 
ITie only question that remains is whether the Navy will start 
promptly and carefully to plan the conversion in a neat, econo- 
mical, orderly Method or whether the a akening will be delayed 
until a crash project will be recuiied to prevent the flound- 
ering of the ships in a sea of paperwork. 
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IV. RSa'mSSNDATlOKS 

This paper has just scratched the surface of the poss- 
ible advantages to be obtained Iron afloat EDP. The pre- 
sent methods of writing programs £01 * ach department separ- 
ately, based on present procedures, is heartening but this 
procedure has ignored a total system concept. It is recom- 
mended that a committee be established to perform a complete 
system analysis of afloat data processing from its conception 
to destruction. The comsaittee should consist of representatives 
of the appropriate management bureaus and operational command- 
ers, The study should start with the procedures, routines and 
reports that will be required of ships by the bureaus and oper- 
ational commanders assuming that shore data processing networks 
are in fact established and that they can communicate with the 
ships’ computers. Complete disregard should be given to pre- 
sent procedures. It should first be determined what is required 
of the ship by the bureaus and operational commanders, con- 
sidering the ship as a black box. The committee should then 
go into the black box and determine how the ship can best 
furnish this information regardless of departmental organ- 
ization. Shipboard organization should then be realigned to 
best administer the tasks required and standard procedures 
promulgated. Integration and standardization should be the 
watch words. For example, a standard machine history record 
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format should be established Cor «va*y piece w£ equipment on 
the ship whether it I>« a radio, a missile launcher, a feed 
puap, or an anchor windlass, Likewise, all data regarding an 
individual should be maintained at one point in the organ- 
ization, whether it be pay, leave, training, personal history 
or medical data. As soon as the system analysis is complete, 
a computer should be selected and programming commenced. 
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1 Coapu *■ ?r - Alphanumeric typavriter 

paper punch and reader $ 51,000 

4 MIA - Krt/jr.vtic tape units »a. $6, 809 27,200* 

1 Tape to card printing punch 7,200 

1 Card to tape punch 3,600 

2 Plexowriters ea. $2,900 5, vOQ 

Total $104, BOO 92 



* Small Internal storage expanded by utili- 
sing four instead of t^o tape units. 



ij'i 

‘“Bendix Computer Division, The bendix Corporation, 
Contract No. GS-00S- 32087, July 1, I960 to July 1, 1961; 

Ci lie Associates, Inc,, Data Processing Equipment encyclo - 
pedia (Detroit: Cille Associates, Inc., 1961, revised 

April 1962), pp, 17-51. 



International Busings# Machines Corporation 

Data Processing System ISM 1401 
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1 Processing unit (Modal 1401 E6) $128,950 

1 Additional storage unit (Model 1406) 67,100 

2 Magnetic tape unite (Model 7330) 64,000 

1 Card read punch 30,000 

2 Flexowr iters ee. $2,900 5,800 

Console inquiry unit 8,350 

# 

Card to tape unit 3,600 

Tape to card unit 7>200 

Total $295, 200 93 



General gervices Administration Contract, 68-008- 
34146, Oil Is Associates, Joe , cit . 



u\ 

,\j.d { O COfpotCtiO-l of /a'CCica 
Model 301 V.bP System 



1 Sasic Processor (Model 304) with 20,000 

character storage $112, $00 

1 Paper tape reader- punch control (Model 311) 5,900 

1 t-upcr tape reader-punch (Model 321) 7,800 

1 Interrogating typewriter (Model 323) 9,300 

2 Tape station (Model 581) 53,400 

2 ly|)OVf (Model 5*23) 5,040 

1 Gat'd to tape punch 3,600 

1 Tape to card printing punch 7, 200 

Total $212,400' 



94 

Ceneral Services Administration Contract, No. GS-00S- 
34853, July 1, 1961 to June 30, 1962; Gille Associates, loc . 
cit. 
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. i y. ip:;on Wooldridge, Inc ■ 

EDP System Ali/UYT-1 



1 Computer, including input/oulput con- 
troller, paper tape reader, paper tape 



punch and input/output typewriter $100,200 

1 Expanded n nm*y unit 24 K words 110,000 

1 Magnetic tn^ „ controller 25,000 

2 Magnetic tape units ea, $15,000 30,Q0u 

1 Tape to card printing punch 7,200 

1 Card to tape punch 3,600 

2 Flexovriters «•«, $2,900 5,800 

Total $239, £00 95 



°5 

Rp.iao Wooldridge Division, Thompson Ramo Wooldridge, 
Inc., Price list of March 15, 1962; Gille Associates, loc . 
cit. 
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